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MAIL STOP PETITIONS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir/Madam: 

PETITION UNDER 37 C.F.R. §1.183 



By way of this Petition, Applicants request that the Patent Office accept the attached 
Written Consent of Assignee under 37 C.F.R. §3.73(b) ("Rule 73(b)") and waive the 
requirement of Rule 73(b) that ownership be established by documentary evidence of a 
chain of title from the original owner (i.e., inventor: Jeffrey A. Ledbetter) to assignee in 
the subject application. Specifically, in the subject application, all inventors, except Dr. 
Jeffrey A. Ledbetter, executed Assignments of Rights to Bristol-Myers Squibb Company. 
Dr. Ledbetter, who also refuses to execute the Declaration that is necessary to file a 
Request to Correct the Inventorship Under 37 C.F.R. § 1.48(a), in connection with the 
above-referenced patent application, refuses to execute an Assignment of Rights to 
Bristol-Myers Squibb Company in the subject application despite being under contractual 
obligation to do so. 



However, Dr. Ledbetter has executed Assignments of Rights to Bristol-Myers Squibb 
Company for all the patent applications in the chain of title of the subject application 
which are recorded at the U.S. Patent and Trademark Office at: 
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• Reel 7169, Frame 0094, for U.S. Serial No. 08/228,208 

• Reel 6567, Frame 0839, for U.S. Serial No. 08/008,898 

• Reel 5821, Frame 588, for U.S. Serial No. 07/723,617 

Given Dr. Ledbetter's previous assignments and that his contributions to the claimed 
invention are disclosed in the parent applications to which the subject application claims 
priority and which parent applications he has assigned to Bristol-Myers, Applicants 
respectfully request suspension of rules involving Rule 73(b) establishing right of 
assignee to take action with regard to Dr. Ledbetter's lack of Assignment in the subject 
application. 

Applicants submit herewith the fee under 37 C.F.R. §1.1 7(h) of $130.00 in compliance 
with 37 C.F.R. § 1.183. 

No fee, other than the fee under 37 C.F.R. §1.1 7(h), is deemed necessary in connection 
with the filing of this Petition. If any additional fees are necessary, the Patent Office is 
authorized to charge any additional fees to Deposit Account No. 50-0306. 



Respectfully submitted, 




Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No. 31,853 
Attorneys for Applicants 
Mandel & Adriano 
55 S. Lake Ave., Suite 710 
Pasadena, California 91101 
(626) 395-7801 
Customer No. 26,941 
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SIR/MADAM: 



Applicants submit this request to correct the inventorship in the above-identified patent 
application under 37 C.F.R. § 1.48(a). In order to correct the inventorship, Applicants 
also submit a (1) Petition under 37 C.F.R. § 1.47(a) to request that the U. S. Patent and 
Trademark Office accept the enclosed Combined Declarations and Powers of Attorney 
under 37 C.F.R. §1.63 executed by co-inventors Peter S. Linsley, Jurgen Bajorath, Robert 
J. Peach, William Brady and Nitin Damle, on behalf of themselves, and the only non- 
signing inventor, Jeffrey A. Ledbetter (Exhibit 5A); and (2) Petition under 37 C.F.R. 
§1.183 to suspend the rules regarding 37 C.F.R. §3.73(b) that ownership be established 
by documentary evidence of a chain of title from the original inventor to assignee in the 
subject application and to accept the attached Written Consent of Assignee under 37 
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C.F.R. §3.73(b) ("Rule 73(b)") despite the lack of an executed assignment from Dr. 
Ledbetter to Bristol-Myers Squibb Company in the subject application (Exhibit 3). 

The inventive entity, Peter S. Linsley, Jeffrey A. Ledbetter, Jurgen Bajorath, Robert J. 
Peach, William Brady, Philip Wallace, and Nitin Damle, is set forth, in error, in the 
executed Declaration Under 37 C.F.R. §1.63, filed on February 28, 2001, with the U.S. 
Patent and Trademark Office, in connection with the above-referenced application. This 
inadvertent error arose without any deceptive intent by the named inventors. 

Peter S. Linsley, Jeffrey A. Ledbetter, Jurgen Bajorath, Robert J. Peach, William Brady, 
Philip Wallace, and Nitin Damle, were originally named as the inventors of the originally 
filed claims of the subject application. 

The subject application was originally filed with claims 1-25. As part of a response to a 
restriction requirement, Applicants added (a) claims 26-28, on June 2, 2004; and (b) 
claims 29-30, on August 2, 2004. Further, on August 2, 2004, Applicants elected, with 
traverse, the invention of claims 29-30 for prosecution on the record. Claims 1-2, 5, 9 
and 1 1-30 are pending, although only claims 29-30 are being examined. 

Upon review, Philip Wallace is not an inventor of the originally filed claims 1-25 (which 
are deemed withdrawn but currently pending), later filed claims 26-28 (which are deemed 
withdrawn but currently pending), or later filed and elected, pending claims 29-30. 
Therefore, Applicants respectfully request that Philip Wallace be removed as an inventor 
of the pending claims of the subject application. 

The correct inventive entity of the originally filed claims of the subject application is 
Peter S. Linsley, Jeffrey A. Ledbetter, Jurgen Bajorath, Robert J. Peach, William Brady, 
and Nitin Damle. 
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In accordance with 37 C.F.R. § 1.48(a), in addition to this Request, Applicants also 
submit: 

1. A Declaration from Dr. Philip Wallace, who is being deleted as an inventor 
and stating that the error in inventorship occurred without deceptive intention 
on his part (Exhibit 4B); 

2. Declarations under 37 C.F.R. §1.63 executed by the actual inventors except 
for inventor Ledbetter (Exhibit 4C); 

3. A copy of a Written Consent of Assignee (Exhibit 4D); and 

4. A fee of $130.00 under 37 C.F.R. §1.17(i). 

Since Dr. Ledbetter refuses to sign the Declaration under 37 C.F.R. §1.63, in accordance 
with the requirements under 37 C.F.R. § 1.47(a), Applicants provide the following: 

1 . Petition Under 37 C.F.R. § 1 .47 (a) (Exhibit 5 A); 

2. Copies of Combined Declarations and Powers of Attorney under 37 C.F.R. 
§1.63 executed by co-inventors Peter S. Linsley, Jurgen Bajorath, Robert J. 
Peach, William Brady and Nitin Damle (Exhibit 5B); 

3. Copy of a letter sent to the last known address of a non-signing inventor, 
Jeffrey A. Ledbetter, including enclosures: (1) an original Combined 
Declaration and Power of Attorney; (2) copy of amendments filed with the 
application; (3) copy of the originally filed patent application; and (4) copy of 
pending claims 1-2, 5, 9, 11-30 (Exhibit 5C); and 

4. Copy of the Federal Express email confirmation and delivery information 
indicating that the letter was signed for in behalf of Jeffrey A. Ledbetter 
(Exhibit 5D); and 

5. Afeeof$130.00under37C.F.R. §1. 17(h). 
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Additionally, Applicants wish to note that this Petition under 37 C.F.R. § 1.47(a) is the 
second such Petition being filed. The first Petition under 37 C.F.R. § 1.47(a) was filed in 
the subject application on February 28, 2001 and submitted for reconsideration on 
November 5, 2001 (although date-stamped received by the Patent Office on January 4, 
2002) because at that time, Dr. Ledbetter also refused to sign the Declaration under 37 
C.F.R. §1.63 as part of the originally filed subject nonprovisional application. The Patent 
Office granted Applicants' earlier filed Petition under 37 C.F.R. § 1.47(a), and for 
convenience, copies of the Decision Granting Status Under 37 C.F.R. § 1.47(a) and a 
letter from the U.S. Patent Office addressed to inventor Ledbetter, both dated January 25, 
2002 are attached (Exhibit 5E). 

Further, since Dr. Ledbetter also refuses to execute an Assignment of Rights in the 
subject application to Bristol-Myers Squibb Company, in accordance with the 
requirements under 37 C.F.R. §1.183, Applicants provide: 

1. a Petition under 37 C.F.R. §1.183 to suspend the rules regarding 37 C.F.R. 
§3. 73(b) that ownership be established by documentary evidence of a chain of title 
from the original inventor to assignee in the subject application and to accept the 
attached Written Consent of Assignee under 37 C.F.R. §3.73(b) ("Rule 73(b)") 
despite the lack of an executed assignment from Dr. Ledbetter to Bristol-Myers 
Squibb Company (Exhibit 3) in the subject application; and 

2. A fee of $130.00 under 37 C.F.R. §1. 17(h). 
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No fee, other than the above-mentioned fees, is deemed necessary in connection with the 
filing of this Request. If any further fees are necessary, the Patent Office is authorized to 
charge the additional fees to Deposit Account No. 50-0306. 



Respectfully submitted, 

Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No. 31,853 
Mandel & Adriano 
55 South Lake Ave., Suite 710 
Pasadena, California 91101 
(626) 395-7801 
Customer No: 26,941 
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Sir/Madam: 

PETITION UNDER 37 C.F.R. 51.47(a) 



Applicants 
Serial No. 
Filed: 
For 



Dr. Jeffrey A. Ledbetter refuses to sign the Declaration that is necessary to file a Request 
to Correct the Inventorship Under 37 C.F.R. § 1.48(a), in connection with the above- 
referenced patent application. 

Accordingly, Applicants submit this Petition under 37 C.F.R. § 1.47(a) and request that 
the U. S. Patent and Trademark Office accept the enclosed Combined Declarations and 
Powers of Attorney executed by co-inventors Peter S. Linsley, Jurgen Bajorath, Robert J. 
Peach, William Brady and Nitin Damle, on behalf of themselves and the only non- 
signing inventor, Jeffrey A. Ledbetter. The executed Declarations by Drs. Peter S. 
Linsley, Jurgen Bajorath, Robert J. Peach, William Brady and Nitin Damle are attached 
herewith as Exhibit 5B. 
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The facts are as follows: 



The last known residence address for only non-signing inventor Ledbetter is as follows: 

Dr. Jeffrey A. Ledbetter 
306 N.W. 113 th Place 
Seattle, Washington 981 17 

On December 23, 2004, Applicants' undersigned attorney sent a letter to Dr. Jeffrey A. 
Ledbetter enclosing (1) an original Combined Declaration and Power of Attorney under 
37 C.F.R. §1.63, (2) copies of Amendments filed in connection with the subject 
application, and (3) a copy of the originally- filed patent application, and requesting that 
Dr. Ledbetter execute and return the Combined Declaration and Power of Attorney under 
37 C.F.R. §1.63 (Exhibit 5C). 

The attached Federal Express email confirmation and delivery information sheet provides 
confirmation that the December 23, 2004 letter and enclosures were delivered and 
received (Exhibit 5D). 

As of the filing date of this Petition, inventor Ledbetter has not returned an executed 
Declaration. The fact that no executed Declaration was returned to Applicants' 
undersigned attorney within the requested time, is deemed a refusal to execute the 
Declaration under 37 C.F.R. §1.63 by the only remaining non-signing inventor Ledbetter. 

Applicants wish to note that this Petition under 37 C.F.R. § 1.47(a) is the second such 
Petition being filed. The first Petition under 37 C.F.R. § 1.47(a) was filed in the subject 
application on February 28, 2001 and submitted for reconsideration on November 5, 2001 
(although date stamped received by the Patent Office on January 4, 2002). At that time, 
Dr. Ledbetter also refused to sign the Declaration under 37 C.F.R. §1.63 as part of the 
originally filed subject nonpro visional application. The Patent Office granted 
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Applicants' earlier filed Petition under 37 C.F.R. § 1.47(a) and a copy of the Decision 
Granting Status Under 37 C.F.R. § 1.47(a) and a letter from the U.S. Patent Office 
addressed to inventor Ledbetter, both dated January 25, 2002 is attached (Exhibit 5E). 

Applicants submit herewith the fee under 37 C.F.R. §1.1 7(h) of $130.00 in compliance 
with 37 C.F.R. § 1.47(a). 

No fee, other than the fee under 37 C.F.R. §1.1 7(h), is deemed necessary in connection 
with the filing of this Petition. If any additional fees are necessary, the Patent Office is 
authorized to charge any additional fees to Deposit Account No. 50-0306. 

Respectfully submitted, 




(Mho 

Sarah B. Adriano 

Registration No. 34,470 

SaraLynn Mandel 

Registration No. 31,853 

Patent Practitioners for Applicants 

Mandel & Adriano 

55 S. Lake Ave., Suite 710 

Pasadena, California 91101 

(626) 395-7801 

Customer No. 26,941 
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SOLUBLE CTLA4 MUTANT MOLECULES AND USES 
THEREOF 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 



SIR: 



TERMINAL PISO^IMERTOOB^A^ 
a DOUBLE p^hriNC REJECTION 



Dear Sir: 

Petttioner, The Bristol-Myers Squibb Company, a corporation organized and existing 
under the laws of the State of New Jersey and having its primary place of busmess at P.O. 
Box 4000 Lawrencevil.e-Princeton Road, Princeton. New Jersey 08453-4000, in the 
county of Merer, represents that ,. is the owner of to entire right, title and interest ,n the 
following U.S. Patents: 

(1) U S Patent No. 5,844,095, tssued on December 1. 1998 and entitled CTLA4 Ig 
FUSION PROTEINS, at Reel 8733, Frame 0034 and Reel 8788. Frame 0644. 

(2) U S Patent No. 5,85!,795, issued on December 22, .998 and entitled SOLUBLE 
CTLA4 MOLECULES AND USES THEREOF at Reel 8733, Frame 0034 and Reel 
8788, Frame 0644. 

(3) US Patent No. 5,885,796, issued on March 23. 1999 and entitled CTLA4 
RECEPTOR AND USES THEREOF, at Reel 8733, Frame 0034 and Reel 8788. 
Frame 0644. 
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cached herewi«b is a corresponding Create under 37 C.F.R. i 3.73(b) establishing 
Bristol-Myers Squibb Company right as assignee to take action (EXHIBIT 2). 

Petitionee, Bristtl-Myers Squibb Company hereby disclaims, except as provided below, 
the terminal part of the statutory term of any paten, granted on the above-idenufied 
app.ica.ion, which would extend beyond the expiration date of the Ml statutory term of 
U.S. Patents: 

(1) U.S. Patent No. 5,844,095, issued on December 1, 1998; 

(2) U.S. Patent No. 5,851,795, issued on December 22, 1998; 

(3) U S. Patent No. 5,885,796, issued on March 23, 1999; 

artd hereby agrees that any paten, so granted on the above-iden.,fi.d application shall be 
enforceable only for and during such period that the legal title to said paten, shall be the 
same as the legal title to U.S. Paten, No. 5,844,095; 5,851,795 and 5,885,796 
respectively, this agreement to ran with any p.<en, gran,ed on ,hc above-identified 
application and to be binding upon the grantee, its successors, or assigns. 

In making the above disclaimer, Petitioner does not disclaim the terminal part of any 
paKn, granted on the above-identified application that would extend to the full statiuory 
term as presently shortened by any terminal disclaimer of U.S. Patent No. 5,844,095; 
5 851 795 and 5,885,796 respectively, in the event that any such issued patent: expues for 
failure to pay a mai„,enance fee, is held unenforceable, is found invalid, >s statutorily 
disclaimed in whole or terminally disclaimed under 37 C.F.R 81.321(a), has all clatms 
cancelled by a reexamination certification, or is otherwise termmated pnor to the 
expiration of its full statutory term as presently shortened by any terminal disclatmer, 
except for the separation of legal title stated above. 
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For submissions on behalf of an organization (e.g. corporation, partnership, university 
government agency, etc.), the undersigned (whose title is supplied below) is empowered 
to act on behalf of the organization. 

, hereby declare .ha, al. statements made herein of my own knowledge are true and that 
oll aatements made on information tmd belief are believed to be true; and fimher that 
these statements were made with the knowledge 0>a, wiUfui faise statements a»d the Uke 
„, made are punishable by fine or imprisonment, or both, under Section 100. of T.tle .8 
of .he United States Code and that sueh willful false statements may jeopards the 
validity of the application or any patent issued thereon. 

Registration No. 39,123 
Senior Counsel - Biotechnology Patents 
Biotechnology Patents 
Bristol-Myers Squibb Company 
P.O. Box 4000 

Princeton, New Jersey 08543-4000 
Customer No. 23,914 

IHEm ^^ OFFICE USE ONLY 

In accordance with the decision granting the petition filed on . 2005 « 

this terminal disclaimer is accepted, Tte period of patent to lapse specified above has 
been accepted as equivalent to months. 



Petitions Examiner 
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Dear Sir/Madam: 

pm r frNSENT OF A-fflWKttCNPM ^ » 73( 

Petitioner, the Bristol-Myers Squibb Company, a corporation organized and existing 
under the laws of the State of New Jersey and having its primary place of business at M). 
Box 4000, Lawrenceville-Princetcn Road, Princeton, New Jersey 08453^000, certifies 
that it is the assignee of the entire right, title and interest in the patent application 
identified above by virtue of agents from the inventors for the subject application 
and related parent patent applications. 

The subject appUoion fc . — — «" ^ 

Apri. IS. im, now V.S. Patent No. 6,090,9.4, i»ued Ju.y », 2000, wKich w a, a 

• « of U S Send No. OMOUN. filed Janu^y 22. 1993, now US. 
continuation-m-part of U.S>. J»enai » nK 

j t n iqqs which was a continuation-in-part 01 u.a. 
Patent No. 5,770,197, issued June 23, 1998, woicn was 

Serial No. 07/723,617, filed June 27, 1991, now abandoned. 
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Tho argument for the parent patent applications in ft. chain of title for the a**", 
application U.5. Sena) No. 09/609,9.5 are recorded a. the U.S. Paten, and Trademark 
Office as follows; 

. Reel 7169. Frame 0094, for U.S. Serial No. 08/228,208 (Exhibit 2A) except for 
fte recorded a»ignmerus of Drs. Peach and Bajoratb (attached herewith as 
Exhibit 2A-1 including the recordation form cover sheet) 

. Reel 6567. Frame 0839. Jot U.S. Serial No. 08/008.898 (Exhibit 2B) 
. . Reel 5821. Frame 588, for U.S. Serial No. 07/723,617 (Exhibit 2C) 

The assignment, for the subject application havebeen executed by all the invent 
except for Dr. Jeffrey Ledbetter (see attached as Exhibit 2D). 

The undersigned has renewed all the documents in the chain of title of the paten, 
application ittaified above Despite Dr. Abetter's refusal to execute an Alignment 
of Rights from himself to Bristol-Myers Souibb Company in to subject application and 
because Dr. letter's contributions to vie claimed invention are disclosed in the parent 
appttcatton. to which the subject applied claims priority and watch parent 
appUcations Dr. Ledb«ter has assigned to Bristol-Myers Squibb Company, to the best of 
undersigned's knowledge and belief, title is m the assignee identified above. However, m 
c. the P««t offie. «-»~. An*— • - d « 37 CFJL 51 " 3 
requeuing (tat the Patent Office suspend the rules regarding 37 C.F.R. §3.73(b) that 
ownership be establish* by documentary evidence of a chain of title from the origmel 
mventor (i.e. inventor Ledbetter) to assignee in the subject application and to accept the 
Written Consent of Assignee under 37 C.F.R. §3.73(b) (Exhibit 3). 

The undersigned (whose title b provided below) is empowered to act on behalf of *. 
assignee. I hereby declare that all statements made herein of my own knowledge ate true, 
and rhat all statements made on information and belief are believed to be true; and 
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further, that these statements are made with the knowledge that willful false statements, 
and the like so made, are punishable by fine or imprisonment, or both, under Section 
1001, Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 

11/2*705 By: 



Date: 



Briana C. Bergen 
Registration No. 39,123 
Senior Counsel - Biotechnology Patents 
Biotechnology Patents 
Bristol-Myers Squibb Company 
P,0. Box 4000 

Princeton, New Jersey 08543-4000 
Customer No. 23,9 1 4 



I 

I 

I 



BEST AVAILABLE COPY 



PACE: 1 

PATENT Jh[UMBER: &090H4 mtp. -oib-, 

SERIAL NUMBER : 08/22Q2Bq JftSc gjg £'""2 

RELATED PATENT MfiMnn-Dc.. c-> -~. ff-iuino UAft. OA/15/94 

5B85579 NUHBERcij; 57 Mf >j- =,Uh4095 5851795 500579S 

appl^ ^ ion PRQTEI ^ and USES THEROF 

AffUIuANi, iJHoLfejr. PETER S . ; LEDBETTER, JEFFREY A 

BAJORATH , (JURGEN ; PEACH, ROBERT ; BRAD?; WILLIAM 

^i^^^l^S^ RECORDED: XO/aO/9, NUMBER OF 

■ EXC DATE ; 09/30/94 
LEDBETTER, JEFFREY A. 

EXC DATE : 09/29/94 
DANLE, NlTirfK. 

r XC DATE: 07/01/94 
BRADY, WILLIAM 

EXC DATE; .09/29/94' 



f AGES 



*g£j XMTT FOR NEXT PAGE , 
3NTER PAGE NUMBER; (2. DIG 



QR FOR A SPECIFIC PAGE ■ 
ITS MAX . } , PRESS *HIT 



10/11/01 15:02 

Wriirn- a---+ ~n ' PAGE: 2 ! 

assignee: masTou^i^^ 

3005 FIRST AVENUE UJir « ,,,Jt 

SEATTLE. WA (5S121 '' 
>PS ANQELES, CA 90025-3395 



MORE INFORMATION FOR TKI$ PATENT NUMBER 



10/11/01 15:02 



t 



I; 



^3 QMS l?Wt 



-.4 



4c- 5V' 



jtECjORDATlON fORM COVKR SUFf.T 

patents only 



r \:y , I. T5nw of convc>ing pwi\(ie*)? 
1 '\ \ fticr 5 Limlcy 
; ^ >ffrx> A. LcoVacr 
NfcmK, Dwri(c 

v\, Pbifrp M. WUI*k 

, >v w— — : — • „ , 

\-fV, \* Hman of OTivcyroc; 

I* J Axsifnineni ( | Mcrxor 

I | Sccurio Ajr*at»ail [ J Chtngc of Name 

II o*** 



»:>i ^r*>rrv4r«fl r«c?M_tfcc «i»ch«>3 nr 4ocur«^« or crpy (Kami 



■4 



T Name and *Urvs» of pcorivinj pwi>(ia): 
S'anw: Briyol-M\cn Squibb Comply 



$trea AAhtss: 1005 Fit* Avenue 



I 
I 

— r- 



fteortwo Pate- July L lWi Set* . 3» 1<W4: fep(. mj 



Cip- 



Sui«: WA ZIP : 



: : — . 

\< Apptiorion n«nba{s) or p* an numbcrfs); 

If (Jib docuroap b ban* fifed logctW with i 



Ac PMoff 
OK 



new ^pptkarioo. chc exoaflicn dale of the Jppfi 



*y ' 5, . Nik md attics of pety lo ^fwti coptszx ipVnoc 
fS-^ asnanunt ooavrpni should be nnM.' 



*. ) Total number of icpfatffcvn vrf 
p^oismvoKvd: , 



t 9 

A<kk*mz MaoW Could, SmpK EddL 
Suae 400 

' 1 1 150 Smu Mania aadcV*U j 

I 



^ To*lfis*(37C|FR J.J I): 



Arimu) to be chaged lo dqpoyi 

i 

cfury My addicknal (nor ovfe joy "J 
ovcnmftayDK to our Cknasii uau« «nbtn ' 



40, OQ CK 



aoihc bed 



918 



626 



V-" ^tL^^jm^ b|b ^ lod|pe * ld bditf - "H ^^B 0 "* mf 0 ""*^ is P«c and axnxt «i>- m^iicd ayy is* true copy of fr 



1 



rofPmon < 



4>* tel. JVH-fXHI <«^, 4/M| 



Qgober IT 19^ 1 



r^r Oo dM m *. to W 





ASSIGNMENT 



WHEREAS, Peter S. Linsley, residing at 2430 9th Avenue West 
Seattle, WA 98119; Jeffrey A. Ledbetter, residing at 3 H ! 
113th Place, Seattle, WA 98117; Nitin K. Damle, residing at 865 
Ridge Road, Monmount Junction, NJ 08852; William Brady, residino 
at 618 219th Place S.W., Bothell, WA 98021; and Philip m 
Wallace, residing at 3020 64th Avenue Southwest, #D, Seattle WA 
98116 (hereinafter referred to as "Assignors" ), 'made certain'new 
and^ useful inventions and improvements for which they executed an 
application for Letters Patent of the United . States which is 
entitled GTLA4 MOLECULES AND IL 4 -BINDING MOLECULES AND USES 
THEREOF, (U.S. Serial No. 08/228,208, filed Aprifl57l994) . 

AND WHEREAS, BRISTOL-MYERS SQUIBB COMPANY (hereinafter 
referred to as "Assignee"), a corporation organized and existing • 
under and by virtue of the laws of the State of Delaware and 
hayAng.an office and place of business at 3005 First Avenue 
Seattle, WA 98121, is desirous of acquiring the right, title and 
interest in anoVto said inventions, improvements and a^pllcatio^ 
and in and to the Letters Patent to be obtained thereof; 

NOW, THEREFORE, to all whom it may concern, be it known that 
for and in consideration of the sum of One Dollar and other^good 
and valuable considerations, the receipt and sufficiency whereof 
is hereby acknowledged, have sold, assigned and tran^er^edrand 
by these presents do sell, assign and transfer unto said Bristol- 
Myers Squibb Company, its successors or assigns, the entire rSht 
title and interest for all countries in and to ^inventions £d 
improvement disclosed in the aforesaid appl ication /and in and^o 
the said application, all divisions, cohtihua"on* or renews 
thereof, all Letters Patent which may be. granted therefrom, Ind- . 
Si f^ff^ or extensions of such patents, and in and to any and 
all applications which have been or shall be filed in any foreign 
countries for Letters Patent on the said inventions and *° • 5,1 
improvements, including an assignment of all rights under the 

provisions of the International Convention, and all Letters 
Patent of foreign countries which may be granted therefrom* and 

5 8t S r S 'u L i?^? y ' Jeff Pr A. Ledbetter, Nitin K. SSH, wUUa£ 
Brady and Philip M ? Wallace do hereby authorize and request tS 
Commissioner of Patents to issue any and all United States Patent 
for the aforesaid inventions and improvements to the said 
Bristol-Myers Squibb Company as the assignee of the entire right, 

IrllU^ inte S e8 ?Ki n . and tq the 8am «< *or the use ol the slid ' 
Bristol-Myers Squibb Company, its successors and assigns. 



14 



AND, for the consideration aforesaid, Peter S. Linsley,. 
Jeffrey A. Ledbetter, Nitin K. Damle, William Brady and Philip M. 
Wallace do hereby agree that Peter S. Linsley, Jeffrey A. 
Ledbetter, Nitin K. Damle, William Brady and Philip M. Wallace, 
theiir executors and legal representatives will make, execute and 
deliver any and all other instruments in writing including any 
and all further application papers, affidavits, assignments and 
other documents, and will communicate to said Bristol-Myers 
Squibb Company, its successors and representatives all facts 
known to us relating to said improvements and the history thereof 
and will testify in all legal proceedings and generally do all 
things which may be necessary or desirable more effectually to 
secure to and vest in Bristol-Myers Squibb Company, its 
successors or assigns the entire right, title and interest in and 
to the said improvements, inventions, applications, Letters 
Patent, rights, titles,, benefits, privileges and advantages' 
hereby said, ..assigned and conveyed, or, intended so to be . .' 

AND, furthermore, Peter S. Linsley, Jeffrey A. Ledbetter, 
Nitin K. Damle, William Brady and Philip M. Wallace covenant and 
agree with said Bristol-Myers Squibb Company its successors and 
assigns, that no assignment, grant., mortgage, license or other 
agreement affecting the rights and property herein conveyed has 
been made to others by Peter -S.. Linsley, Jeffrey A. Ledbetter, 
Nitin K. Damle, William Brady, and Philip M. Wallace, and that 
full right to convey the same as herein expressed is possessed by 
Peter S. Linsley, Jeffrey A. Ledbetter, Nitin K. Damle, William 
Brady and Philijp'M. Wallace. 




STATE OF Vlfafwrtf^ ) 

/V ' " ) ss - 

COUNTY OF yWr\ ) 

. . On this ■ 71; day of &/&k kc*^ 1994, before me, 
. ^^^U^^ , personally appeared ^^^^/^^fZ^T 
personally known to me or (proved to me on <tflfe #asis of 
satisfactory evidence to be the person{ s ) ), whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she executed the same in his/her authorized capacity(ies) , and 
that by his/her sigriature(s) on the instrument the person(s), or 
the entity upon behalf of which the person(s) acted/ executed the 
instrument . ...... . . .... .. .. .. . _ _ : 



WITNESS my hand and official seal. 



-lliam Brady 

STATE OF 

Af ' .0 ) S3. 

COUNTY OF r**~\ . ) 




personally kn< 



2^Al day of Mf&Kfai 1994, before me, 

._J*ji^ _, personaiay appeare d ^M/Zr^m^Cy 

personally known to me or (proved to me on the basis of 

satisfactory evidence to be the person(s)) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she executed the same in his/her authorized capacity(ies) , and 
that by his/her signature(s) on the instrument the person(s), or 
the entity upbn behalf of which the person(s) acted, executed the 
instrument* 

WITNESS my hand and official seal. 

Notary ' : 



cr 



oc 



6 



STATE Gsl(Jfykl} 
COUNTY OF fyiA 



: — P- k-Xa. 

Philip M. Wallace 




) ss 



day of 




. / 19,94. before me,. 

personally appeared SfL lif ■ Ya \ Ufa /,. <j > 



per sbnal/ly known to me or (proved to me on the basis of 
satisfactory evidence to be the person(s)) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she executed the same in his/her authorized capacity/ ies) , and 
that by his/her signature (s) on the instrument the personYe), or 
the entity upon behalf of which the person(s) acted, executed the 
instrument. 



WITNESS my hand and official seal. 



Notary 7 " 



7 



) 

) S3 



TVIBOF ^'IK 

. 0UOTI or THcV^ > 199 4, before »e. 

the entLty ^P on 
instrument: • 



instrument. 

„™bS S « and of^cia! seal. 




r 



• t 



IN TESTIMONY WHEREOF , Peter S. Linsley, Jeffrey A. 
Ledbetter, Nitin K, Damie, William Brady, and Philip M. Wallace 
have hereunto set their hands this %D*& , day of i^fkk iqq^ 



STATE OF WlM-vf f>\) 
COUNTY OF 1^V7 j 




P^ter S. 



ss , 



£*T T/° n J8 118 , day ° f ^f^ 1 ^^ ' >!i 4 - before me, 

^Wfovfflt"& * personally Appeared ^r,jtr. /j , ^Cn^C^ 

personally known to me or (proved to me on the basis- of "7 

satisfactory evidence to be the person (s.) ) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she executed the same in his/her authorized capacity (ies) and 
that by his/her signature(s) on the instrument the person(s), or 
the entity upon behalf of which the person(s) acted, executed the 
instrument. 

WITNESS my hand and official seal . 

rotary ~7 



Notary 



•f 
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Peter S. Linsley et al. 

6,090,914 

July 18, 2000 

SKlia HYBRID ^smn^f^^^ 



r'CPTTFlCATE ITNDFR 37 CFR 1.8 , pnosited ^ the United States Postal Service as first 

I hereby certify that this paper or fee ^^^^^^ Recordation Services, Commissioner 



By: 




Wp — Birl/elleArADorrUfago 



55 S. Lake Avenue, Suite 710 
Pasadena, California 91 101 
August 12, 2005 



Mail Stop ASSIGNMENT RECORDATION SERVICES 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Sir: 

We are transmitting herewith the attached: 

H Transmittal sheet, in duplicate, containing Certificate under 37 CFR 1 .8. 

Recordation Form Cover Sheet (1 page) 
M Assignment (4 pages) 

j§| A check in the amount of $40.00 to cover the fee 
|3 Return postcard 



, t« rvnnsit Account No. 50-0306. A duplicate of this sheet 
Please charge any additional fees or end* overpayment to Deport Account 

isenclosed . . 



M^N nF1 - * ADRIA, J.P Name: Sarah B. Adriano 
55 S. Lake Avenue, Suite 710 Nq . 34 m 

Pasadena, California 91101 ^ §BA 

(626)395-7801 




Applicant: 
Patent No.: 
Issued: 
Docket: 
Title: 



Peter S. Linsley et al. 
6,090,914 
July 18, 2000 
30436.30US01 
CTLA4/CD28IG HYBRID 



FUSION PROTEINS AND USES THEREOF 



CER TIFICATE UNDER 37 CFR M Statcs Posta i Service as first 

H^eby certify that this paper or tee ^^^As^gnrnent Recordation Services, Commoner 
class mail in an envelope addressed to the M d 2005 . 
for Patents, P.O. Box 1450, Alexandria, VA 22313 on Augus 




55 S. Lake Avenue, Suite 710 
Pasadena, California 91101 
August 12, 2005 



Mail Stop ASSIGNMENT RECORDATION SERVICES 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Sir: 

We are transmitting herewith the attached: 

ft Transrmttal sheet, in duplicate, containing Certificate under 37 CFR 1.8. 
^ Recordation Form Cover Sheet (1 page) 
153 Assignment (4 pages) 

1 A check in the amount of $40.00 to cover the fee 
£3 Return postcard 

M r> WP RL * ftf)RI A ^,P Name: Sarah B. Adriano 

55 S.Lake Avenue, Suite 710 Reg. No.: 34,470 

Pasadena, California 91101 ixatifo: SBA 
(626)395-7801 



Y\OM ^ Lmg]f(M595 (Rev. 03/05) 



U.S. DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 



RECORDATION FORM COVER SHEET 

PATENTS ONLY 



To the Director of the U.S. Patent and Trademark Office: Please record the attached documents or the new address(es) below 



1 1. Name of conveying party(ies) 

i Robert J. Peach 
I Jurgen Bajorath 

(Additional name(s) of conveying party(ies) attached? D Yes [Zl No 



1 3. Nature of conveyance/Execution Date(s): 

Execution na M s ) Jul 1S AW* Au 9 3 2005 

| [7] Assignment □ Merger 

Q Security Agreement D Change of Name 
(~) Joint Research Agreement 
[ | Government Interest Assignment 
□ Executive Order 9424, Confirmatory License 
P Other 



2. Name and address of receiving party(ies) 

Name: Bristol-Mvers Squibb Company 

Internal Address: 



Street Address: I awrenceville -Princeton Road 



City: Princeton 



State: New Jersey 



Country: us 



ZiD: 08543 



Additional name(s) & address(es) attached? □ Yes [Zl No [ 



1 4. Application or patent numbers): 

l A. Patent Application No.(s) 



□ This document is being filed together with a new application. 
B. Patent No.(s) 

6,090,914 



Additional numbers attached? □ Yes 0No 



Is. Name and address to whom correspondence 
[concerning document should be mailed: 

Name-.frirah B. Adriano . . 

Internal Address: Mandei & Adriano . 



6. Total number of applications and patents 

involved:j__ ■ 



Street Address: 55 S Lake Avenue . Suite 710 



City: Pasadena 



State: California 



Phone Number: 626.395.7801 



.Zip: 911Q1 



Fax Number: 626 3950694 
Email Address^ 
1 9. Signature: 



7. Total fee (37 CFR 1 .21 (h) & 3.41 ) $4Q.PQ 



O Authorized to be charged by credit card 
[7] Authorized to be charged to deposit account 
[71 Enclosed 

| | None required (government interest not affecting title)] 



8. Payment Information 

a. Credit Card Last 4 Numbers . 

Expiration Date . 



b. Deposit Account Number j&&20§- 



Authorized User Name fiar ah R Adriano _ 



August 1?. 2PQ5 . 



Signature 



Date 



Sarah B. Adriano 



Total number of pages including cover 
sheet, attachments, and documents: 



Name of Person Sipnin 

Documents to be recorded (Including cover sheet) should be faxed to (703) 306-5995, or malted to: 
Mall StoTSrnent Recordation Services, Director of the USPTO, P.O.Box 1450, Alexandria, V.A. 22313-1450 
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ASSIGNMENT 

WHEREAS, 1/WE, Rnhert J. Peach residing at 12848 Via C aballo Roio. San 
nie pn California 92129. .Tureen Baiorath working at B-IT Intl. Center for Information 
Technology. Rheinische Friedrich-Wilhel ms-Universitv Bonn GorresstraBe 13 D-53113 
Bonn. Germany, made certain new and useful inventions and improvements for which 
I/WE filed an application for Letters Patent of the United States as application Serial No. 
08/228.208 filed on April 15, 1994, Now U.S. Patent No. 6,090,914 issued on July 18, 
2000 which is entitled rTT.A4/CD28Ig T 4YBRTD FUSION PROTEINS AND USES 
THEREOF : 

AND WHEREAS, Bristol-Myers Squibb Company, a Delaware corporation, and 
having a place of business at Lawrenceville-Princeton Road, Princeton, New Jersey 
08453-4000 (hereinafter "Assignee") is desirous of acquiring the entire right, title, and 
interest in and to said inventions, improvements and application, and in and to the Letters 
Patent to be obtained therefor; 

NOW THEREFORE, to all whom it may concern, be it known that pursuant to 
contractual obligations heretofore assumed by ME/US and/or for other valuable and 
sufficient consideration, the receipt of which is hereby acknowledged, I/WE have sold, 
assigned, and transferred, and by these presents do sell, assign and transfer unto said 
Assignee, its successors or assigns, the entire right, title, and interest for all countries in 
and to all inventions and improvements disclosed in the aforesaid application, and in and 
to the application, all divisions, continuations, or renewals thereof, all Letters Patent 
which may be granted therefrom, and all reissues or extensions of such patents, and in 
and to any and all applications which have been or shall be filed in any foreign countries 
for Letters Patent on the inventions and improvements, including an assignment of all 
rights under the provisions of the International Convention, and all Letters Patent of 
foreign countries which may be granted therefrom; and I/WE do hereby authorize and 
request the Commissioner of Patents and Trademarks to issue any and all United States 
Letters Patent for the aforesaid inventions and improvements to the Assignee as the 



ON0085D Vl&A 30436.30US01 

assignee of ,he entire ri*. title and interest m and to the same, for the use of the 
Assignee, its successors and assigns. 

AND for the consideration aforesaid, WE do hereby agree that I/WE and 
MY/OUR executors and legal representatives will make, execute and delive, any and all 
other instruments in writing including any and all Anther application papers, affidavts, 
assignments and Cher documents, and will communicate to said Assignee, its successors 
and representatives a., facts known to ME/US relating to said improvements and the 
history thereof and will testify in a.l legal proceedings and generally do al. things whtch 
may be necessary or desirable more effectual., to secure to and vest in sad Asstgnee, us 
successors or assigns Ore entire right, title and interest in and to the improvements, 
inventions, applications. Utters Patent, rights, titles, benefits, privileges and advantages 
hereby sold, assigned and conveyed, or intended so to be. 

AND. furthermore I/WE covenant and agree with said Assignee, its successors 
and assigns, mat no assignment, gran, mortgage, license or other agreement affecting the 
rights and priority herein convey* has been made to others by ME/US and that <ul. ngh, 
to convey the same as herein expressed is possessed by ME/US. 
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of 



IN TESTIMONY WHEREOF, I have hereunto set my hand this 



day 



Robert J. Pcfctfh 




STATE OF cAlaFc&A \A 
COUNTY OF SAW T>\&bO 




[SEAL] 



On vX/V^vStXC^ before me, personally 

appeared jfoBegT CT- feWcVV ,Q personally 
known to me OR (~~| proved to me onthe basis of 
satisfactory evidence to be the person whose name 
is subscribed to the within instrument and 
acknowledged to me that he executed the same in 
his authorized capacity, and that by his signature on 
the instrument the person, or the entity upon behalf 
of which the person acted, executed the instrument. 

WITNESS my hand and official seal 



Notary Public 



ON0085D / M&A 30436.30US01 



IN TESTIMONY WHEREOF, I have hereunto set my hand this ~ft(f"t day 
of Quy jj , 2 0 * r . 





Jurgen/fiajoc 



t 
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I 



N0.391 P. 2 



B EST AVAILABLE COPY 



Sr. 



Merchant ft Qonia 310 44 



(THU) B. 14* 97 14 "T. 14:54/Na 42fjl4039|5 P 



ill 



vv 



^ e r r ; °f *' W - * 13th Pl *«' Seattle, Va.h^on 

Slifr I 2 ^h Place. ..„.. Bothell, Washington 

•■qjli and Philip .„. Wallaoe of ,„„ „ ^ ^ 

53t' Aaa^^T* Sfll * Sf A " SiSn ° rS ' C ° B "^ : Hm S SQUIBB 
? Awanue, Seat: tie Washington,: 98121,' 



m . te™' ^"i9»o« have invanfc-d a n«w and uaeiul METHODS 

^SOWTO^ THB mm* RtetOKM tXSIMS CttM-nOT* MOLECULES 
WD I^-BISDW NQLEQUtBS, tl.S, Saria! 08/008,838, fi^d 



'*nu*xy 22. is 93 ; and 



joinc 



I WREXsV'X.iigiibr- believe Chaniselves to b. the" origiiial, 
taveatw of the invention di.dosed and claimed in said 



application tor Letters patent; and 

* ■ 

...JF^^**?^ ^"i"' »equire by tonnal. recordable 
Wg^anc the e»Ur. right, tide and interest in and to ^ 
ideation. «aid application and any taeterB Patent the* my be • 
thTwIrtd" f * id inV * nClon > Che **** Steca. and tbrougbour 

Tttt!MBFOVi ' ia conaideration o* che pun, ot One Dollar 
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^ficiency o< vbicb are narnby acknowledged, Assignor. 
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CD = 



t 



OCT. 11.2901 9:39AM 



1252 4526 



I 



NO. 391 P. 3 



FROM Merchant fc Could 310 4* 



(THUI B.I4'97 K THI:84/KO. 4261403915 



X ti dlT, PP ti0M dWl *> th. na*. or th. ^ 

ITJS 11? ^ ^ f ° r " l9n W"^i«n» »ny Priority 
ri^hM to which such .ppiiction, ar. .ntiu«« * 

international convwtianp, t» K i e3 , er otharxiae 

. . I--''- . ' 

£rth* conation, but at no •xp.ns. to Assizor, th.y and 

that Ay b« n B ce«ary or d«ir»bl. for obtain!.,*, « us talhi* B 
*«i«uW, or •nrorcin^ i^tfcora Pat.ni: m » T ■"■wining,. 
throuoW th. uorW for ..i"^? T ^ SC ™ *** 
iraeoWUig, or „in*alnin, th. t itl. or w«„„ £ 

W*» it C ° n,:lhU - tl0n - 1 ^«= « « is «. .ppi^C to 
entire j^nta^t jj, S»ld invention. • 



cn - 
m 



O n 



i 

j 



t 



OCT. 11.2001 9:39AM 



1 252 4526 



NO. 391 P. 4 



» njmrass vpunr. ^"W» oc w 




eoosrt or . 



J 



1 v ^w*«-*gf?^JZ2tt~*- 



^^^^ 



IS* 



CD 

■XT 



t 



OCT. 11.2001 9:39AM 



}9 252 4526 



NO. 391 P. 5 
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J VXTNESS WHEREOF, Assignor ha « txocutfld this 
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Dated: 



ASSIGNOR 
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w Affieial ,«1 tho day and y-ar in «hU crrlficat. ,*« abov. 



en 
cn 

1 




-OCT. 11 .2001 g: 39PM *g 252 4526 



NO. 391 P. 8 



?RGM IM»* ft ojuU $10 4. 
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FSK\TE OF 
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■ acJtioulBd^d to ft. that h'a **acut.d it. 3 
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RECORDED 
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i » ?STGNMENT 

This Assignment! as dated herein below, by Peter 8. 
Linsley of2430 9th A enue.«est, Seattle, Washington 58119; 
Jeffrey A. Letter of 306 N.W. 113th Place, Seattle 
Washington 98117; *ti» K. Damle, of 11717 S.E. 60th Place, 
Henton! Washington; U Willi- Brady, of ™ 
S. W ., Bothell, Washington, 98021; Assignors, to BRISTOL-MYERS 
SQUIBB COMPANY , Assignee, a corporation, having a place of 
business at 3005 First Avsnue, Seattle, Washington, 98121. 

WHEREAS, AssigLs have invented a new and useful CTLA4 
RECEPTOR AND MFTHOdI FOR ITS USE, for which an application for 
united States Letters Patent has been filed on June 27, 1991, 

under Serial Number ( 07/723 , 617 ; and 

j 

WHEREAS, Assignors believe themselves to be the original, 
joint inventors of jbhe invention disclosed and claimed in saj-d 
application for Letjters Patent; and 

WHEREAS, Assignee desires to acquire by formal, 
recordable assignment the entire right, title and interest in 
and to said invention, said application and any Letters Patent 
that may be granted for said invention in the United States 
and throughout the (world; 

NOW, THEREFOrI in consideration of the sum of One Dollar 
(Sl.oo) and of other good and valuable consideration, the 
receipt and sufficiency of which are hereby acknowledged 
Assignors hereby sfell, assign, and transfer to Assignee, the 
entire right, titlfc. and interest in and to said invention 
said application ahd any Letters Patent that may be granted 
for said invention! in the United States and throughout the 
world, including the right to file foreign applications 
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treaties, or otherwise. 

. ' m * that upon request and without 
further, -"^f^^ense to Assignor, they and 
further ^" Batl °"L^ e f^ aBeig ns will ao .11 lawful 
their legal "'""T^JTof papers and the giving of 
ao ts. including the L d esirahle for obtaining, 

testify, that M yJ»* Patent in the 

sustaining re^suirfg. «-* 9 saia lnve „tion, and 

united States and throughout the 

for pelting, reading, or ^ invention , -ld 

assignee if success. ««• ^ „nt- tor 6a id invention 
application, and any Letters r . * 
in the united ,tate, and throughout the world. 

L«*f and warrant that they have not 
Assignors represent and ^consistent a, 

granted and will nof grant to others any g ^ 
with the rights granted herein. 

Petents and Tradem^s of ^ ^ 

countries to issue r^Tpplication or on any subsequently 
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imnr . t, aR executed this Assignment 

IN WITNESS WHEREOF, Assignor has execute 

on the dates as written. 

Dated: 



ASSIGNOR 



COUNTY OF 
STATE OF 



On this 




the year 



before » personailv appear... <J*ER S. Penally 
Known to *e or provk to * on the basis of satisfactory 
evidence to be the person whose name is subscribed to this 
instrument, and acknowledged to as that he executed It. 

IN WITNESS WHlW, I have hereunto set my hand and 
affixed *y of f icia J seal | the day and year in this certificate 
first above written;. 



TAWNY KRAND*U. 

Notary Put#c 
STATE OF WASHINGTON 
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" IN WITNESS WHEREOF , Assignor 
on the dates as wfitt[&n 



has executed this Assignment 



Dated : 



ls wr 

rjrpi 



ASSIGNOR 




©BETTER 



COUNTY OF 
STATE OF 



On this _ // i — * — c vt v-.i « — , . 

before me personally appeared &TEFFREY A. LEDBETTER personally 
Known to- me or proved to *e on the basis of satisfactory 
evidence to be the person whose name is subscribed to thxs 
instrument, and acknowledged to me that he executed it, 

IN WITNESS WHEREOF, I have hereunto set my hand and 
affixed my of f icialj seal the day and year in this certificate 
first above written 



f Pday of /7/^/i77 the year 
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IN WITNESS WHEREOF, Assignor has executed this Assignment 
on the dates as written. 
Dated: " J ' 

/ 

ASSIGNOR 



COUNTY OF 
STATE OF 





NITIN 



On this n day o£ 



ML 



the year 

before me personally appeared H*TIN K. DAMLE personally known 
to me or proved to me on the basis of satisfactory evidence to 
be the person Whoselname is subscribed to this instrument, and 
acknowledged to me fhat he executed it. 

IN WITNESS WHEREOF, I have hereunto set my hand and 
affixed my official seal the day and year in this certificate 
first above written. 



cn 

CD 

no 



«5j 

cn 
ro 




NOTARY PUB^ 



TAWNY K RANDALL 

Notcxy PUMc 
STATE Of WASHINGTON 
My CommWan ExpfrM 
August 26. 1993 
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IN WITNESS WHEREOF r Assignor has executed this Assignment 
on the dates as written. 
Dated: sfe/*l 1 

ASSIGNOR 



WILLIAM BRADY Kj 



COUNTY OF 
STATE OF 



On this 




the year 



4i 



before me personal^ appeared &LLIAM BRADY personally known 
to Be or proved to xhe on the basis of satisfactory evidence to 
be the person whose] name is subscribed to this instrument, and 
acknowledged to me that he executed it. 

IN WITNESS WHEREOF, I have hereunto set my hand and 
affixed my official] seal the day and year in this certificate 
first above written 



cn 

GO 

ro 
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ID 
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TAWNY K RANDAH 

Notary FuMc 
STATE OF WASHINGTON 
My Commbdan Enplra* 
August 26. 1993 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT 

THE ENCLOSED DOCUMENT HAS BEEN RECORDED' BY THE ASSIGNMENT DIVISION OF 
THE U.S. PATENT AND TRADEMARK OFFICE- A COMPLETE MICROFILM COPY IS 
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER 
REFERENCED BELOW. 
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S^RMAT^N^ONTAINED ON THIS RECORDATION NOTICE *™CTS ™ 
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD 
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— Date 
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ASSIGNMENT 



WTTFREAS 1/WE, PetgrSUiS?teX residing at 24309_a__^ "J 

v ^ QR119 JeffrevAa^better residing at 306 K3L-UA- 

- oat 17 Jureen Baiorath residing at 17400_Ji_^i_ — 

98021, ghUilLSWUce «-*»» « JB"*-^- ri^^ilfflg 
98ll 6. — - 5Maaa ^^ 

filed on July 3, 2000 which is entitled SQUJEI&CTUV 
MJBUSE§THEBEQE; 

o m, rnmoanv a Delaware corporation, and 

Patent to be obtained therefor; 

sufficient cons.derat.on, the rece.pt ^ said 

'* — 01 W lrX!i the aforesaid application, and in and 
^d to al. inventions and unprovements d.sclosed ^ 

,• .- .11 divisions continuations, or renewals thereoi, 
* the apphcation. .11 h« of 5nch ^ mi » 

tor uners Patent on the -» ^ J ^ ^ ^ ^ of 

rights under the provisions of the Internation 
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foreign countries which may be granted therefrom; and I/WE do hereby authorize and 
request the Commissioner of Patents and Trademarks to issue any and all United States 
Letters Patent for the aforesaid inventions and improvements to the Assignee as the 
assignee of the entire right, title and interest in and to the same, for the use of the 
Assignee, its successors and assigns. 

AND, for the consideration aforesaid, I/WE do hereby agree that I/WE and 
MY/OUR executors and legal representatives will make, execute and deliver any and all 
other instruments in writing including any and all further application papers, affidavits, 
assignments and other documents, and will communicate to said Assignee, its successors 
and representatives all facts known to ME/US relating to said improvements and the 
history thereof and will testify in all legal proceedings and generally do all things which 
may be necessary or desirable more effectually to secure to and vest in said Assignee, its 
successors or assigns the entire right, title and interest in and to the improvements, 
inventions, applications, Letters Patent, rights, titles, benefits, privileges and advantages 
hereby sold, assigned and conveyed, or intended so to be. 

AND, furthermore I/WE covenant and agree with said Assignee, its successors 
and assigns, that no assignment, grant, mortgage, license or other agreement affecting the 
rights and priority herein conveyed has been made to others by ME/US and that full right 
to convey the same as herein expressed is possessed by ME/US. 



ONOOSll/ M&A 30436.30USI2 



of 



IN TESTIMONY WHEREOF, I have hereunto set my hand this 
[iO*t**Jt*dL~ _, 20 ©]__. 



J day 



William Brady {J 



STATE OF Da inn 
COUNTY OF K^/y^ 





J 
) 



On ^A/ol before me. ^ personally 
appeared TTrJ I;^^ Q i/^j^ .Tl personally 
known to me OR proved to rife on the basis of 
satisfactory evidence to be the person whose name 
is subscribed to the within instrument and 
acknowledged to me that he executed the same in 
his authorized capacity, and that by his signature on 
the instrument the person, or the entity upon behalf 
of which the person acted, executed the instrument. 

WITNESS my hand and official seal 



[SEAL] 



Notary Public 
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ASSIGNMENT 



WHEREAS, I/WE, PeterSJJnsley residing at 24319!^?^^^ 
Washington 98119. Teffrev A. Ledbettex residing at 3J)^N^ 1 nlRa^S^ttic, 
Washington 98117. Jj^r^enBajpraft residing at imj^Ayn™ W, Lynnwood, 
W^hinrton 98037. ^U^s?^ residing at 12848 Via Cahallo Roj o, San Diego, 
Californi a 92129. William Brady residing at 618_21 9* Place SW, BotJ.ell, WaMlgton 
98021. Philin Wallace residing at 3020 64* AvenueSou^wes^^ 
QKUfi Nitin Damle residing at 5J_Sjeve™^^ 

074S8. made certain new and useful inventions and improvements for which I/WE filed 
an application for Letters Patent of the United States as application Serial No. 09/609,915 
filed on July 3, 2000 which is entitled SOLUB LR CTLA4 MUTANTMOLECULES . 
AND USES THEREOF; 

AND WHEREAS, Bristol-Myers Squibb Company, a Delaware corporation, and 
having a place of business at LawrenceviUe-Princeton Road, Princeton, New Jersey 
08453-4000 (hereinafter "Assignee") is desirous of acquiring the entire right, title, and 
interest in and to said inventions, improvements and application, and in and to the Letters 
Patent to be obtained therefor; 

NOW THEREFORE, to all whom it may concern, be it known that pursuant to 
contractual obligations heretofore assumed by ME/US and/or for other valuable and 
sufficient consideration, the receipt of which is hereby acknowledged, I/WE have sold, 
assigned, and transferred, and by these presents do sell, assign and transfer unto said 
Assignee, its successors or assigns, the entire right, title, and interest for all countries in 
and to all inventions and improvements disclosed in the aforesaid application, and in and 
to the application, all divisions, continuations, or renewals thereof, all Letters Patent 
which may be granted therefrom, and all reissues or extensions of such patents, and in 
and to any and all applications which have been or shall be filed in any foreign countries 
for Letters Patent on the inventions and improvements, including an assignment of all 
rights under the provisions of the International Convention, and all Letters Patent of 
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foreign countries which may be granted therefrom; and I/WE do hereby authorize and 
request the Commissioner of Patents and Trademarks to issue any and all United States 
Letters Patent for the aforesaid inventions and improvements to the Assignee as the 
assignee of the entire right, title and interest in and to the same, for the use of the 
Assignee, its successors and assigns. 

AND, for the consideration aforesaid, I/WE do hereby agree that I/WE and 
MY/OUR executors and legal representatives will make, execute and deliver any and all 
other instruments in writing including any and all further application papers, affidavits, 
assignments and other documents, and will communicate to said Assignee, its successors 
and representatives all facts known to ME/US relating to said improvements and the 
history thereof and will testify in all legal proceedings and generally do all things which 
may be necessary or desirable more effectually to secure to and vest in said Assignee, its 
successors or assigns the entire right, title and interest in and to the improvements, 
inventions, applications, Letters Patent, rights, titles, benefits, privileges and advantages 
hereby sold, assigned and conveyed, or intended so to be. 

AND, furthermore I/WE covenant and agree with said Assignee, its successors 
and assigns, that no assignment, grant, mortgage, license or other agreement affecting the 
rights and priority herein conveyed has been made to others by ME/US and that full right 
to convey the same as herein expressed is possessed by ME/US. 
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IN TESTIMONY WHEREOF, I have hereunto set ray hand this [ fa day 
of Oof , 20 0\ 



Peter S. Linsley 



STATE O F ^UfratoafrreO ) 

) 

COUNTY OF U^Qr J 

On \0. lfc.PL before me, P%tK* Uttgwff ersonalry 
appeared fEreft S ■ U^SjjEy . [^personally 
known to me OR □ proved to me on. the basis of 
satisfactory evidence to be the person whose name 
is subscribed to the within instrument and 
acknowledged to me that he executed the same in 
his authorized capacity, and that by his signature on 
the instrument the person, or the entity upon behalf 
of which the person acted, executed the instrument. 

WITNESS my hand and official seal 



= „JSEXL] 



Notary Public 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Peter S. Linsley et al. 

Serial No.: 09/609,915 

Filed: July 3, 2000 

Docket: 30436.30USI2 

Title; SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 



CERTIFICATE UNDER 37 CFR l.S 

Ih^bycertify^topflpefo^ b*ng deposited with the United Stat* Post,! as fS*t class mail in an envelope 
addressed to me Assist Commissioner for Patents. Washington. D.C 20231 on November 5. 2001. 



By: 

Name: Ricbdic 



35 N. Arroyo Parkway, Suite 60 
Pasadena, California 91 103 
November 5, 2001 



BOX ASSIGNMENTS 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

We are transmitting herewith the attached: 

£3 Transmittal sheet, in duplicate, containing Certificate under 37 CFR 1 .8- 

Recordation Form Cover Sheet (PTO-1619A,B) 
13 Executed Assignments (2 sets) 
[3 A check in the amount of S80.00 
£3 Return postcard 

Please charge any additional fees or credit overpayment to Deposit Account No. 50-0306. A duplicate of this sheet 
is enclosed. 
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— rfTT — 7 o i. ,«, citaioi Name: Sarah B. Adnano 

35 No. Arroyo Parkway, Suite 6U ' 
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Applicant: 
Serial No.; 
Filed: 
Docket: 
Title; 



IN THE UNITED STATES PATENT AND TRADEMA RK OFFICE 

Peter S. Linsley et al. 
09/609,915 
July 3, 2000 
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SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 



addressed 10 the Arism Commissioner for Patents, Washington, D.C. 20231 on November 5 t 2001. 



Br 

Name: Richcllc 



35 N. Arroyo Parkway, Suite 60 
Pasadena, California 91 103 
November 5,2001 



BOX ASSIGNMENTS 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir. 

We are transmitting herewith the attached: 

^ Transmittal sheet, in duplicate, containing Certificate under 37 CFR 1 .8 
|3 Recordation Fonn Cover Sheet (PTO-1619A,B) 
[3 Executed Assignments (2 sets) 
[3 A check in the amount of $80.00 
[><] Return postcard 

Please charge any additional fees or credit overpayment to Deposit Account No. 50-0306. A duplicate of this sheet 
is enclosed. 
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Pasadena, California 91103 
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By 

Name: Sarah B. Adriano 
Reg. No.: 34,470 
Initials: SBA 
Customer No.: 26941 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Docket: 



Applicant: 
Serial No.: 



Filed: 



Peter S. Linsley et al. 
09/609,915 
July 3, 2000 
30436.30USI2 



SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 



CERTIFICATE UNDER 37 CFR 1.8 

I hereby certify that this paper or fee is being deposited with the United States Postal Service as first 
class mail in an envelope addressed to the Mail Stop: Assignment Recordation Services, Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313 on August 12, 2005. 



We are transmitting herewith the attached: 

^ Transmittal sheet, in duplicate, containing Certificate under 37 CFR 1.8. 
^ Recordation Form Cover Sheet (1 page) 

Assignment (7 pages) 
^1 A check in the amount of $40.00 to cover the fee 
^ Return postcard 

Please charge any additional fees or credit overpayment to Deposit Account No. 50-0306. A duplicate of this sheet 
is enclosed. 



By: 

Name: Rich< 




55 S. Lake Avenue, Suite 710 
Pasadena, California 91101 
August 12, 2005 



Mail Stop ASSIGNMENT RECORDATION SERVICES 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 
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Name: Sarah B. Adriano 
Reg. No.: 34,470 
Initials: SBA 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Peter S. Linsley et al. 

Serial No.: 09/609,915 

Filed: July 3, 2000 

Docket: 30436.30USI2 

Title- SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 



CERTIFICATE UNDER 37 CFR 1.8 

I hereby certify that this paper or fee is being deposited with the United States Postal Service as first 
class mail in an envelope addressed to the Mail Stop: Assignment Recordation Services, Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313 on August 12, 2005. 



By: 

Name: Richel 



55 S. Lake Avenue, Suite 710 
Pasadena, California 91101 
August 12, 2005 

Mail Stop ASSIGNMENT RECORDATION SERVICES 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Sir: 

We are transmitting herewith the attached: 

13 Transmittal sheet, in duplicate, containing Certificate under 37 CFR 1.8. 
^ Recordation Form Cover Sheet (1 page) 
^ Assignment (7 pages) 

£3 A check in the amount of $40.00 to cover the fee 
^ Return postcard 




Please charge any additional fees or credit overpayment to Deposit Account No. 50-0306. A duplicate of this sheet 
is enclosed. 



MANDEL&ADRIANO By: 

55 S. Lake Avenue, Suite 710 Name: Sarah B. Adriano 

Pasadena, California 91101 Reg. No.: 34,470 

(626)395-7801 Initials: SBA 



Form PTO-1S9S (Rev. 03/05) 

OMB No. 0651-0027 (exp. 6/30/2005) 



U.S. DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 



RECORDATION FORM COVER SHEET 

PATENTS ONLY 



To the Director of the U.S. Patent and Trademark Office: Please record the attached documents or the new address(es) below. 



1. Name of conveying party(ies) 

Nitin Damle 
Robert J. Peach 
Jurgen Bajorath 

Additional name(s) of conveying party(ies) attached? |~| Yes 0 No 


2. Name and address of receiving party(ies) 

Name: Bristol-Myers Squibb Company 
Internal Address: 


oucci nuuicoo. LawrencevMie*r nnceion rvoao 


*J Klatiira rtf rnnuou unro/F van itirtn nsto/e\ a 
o. Piaiurc wi wvHivcyaiiirt?! cacuuiiijii L/aic^oj* 

Execution Date(s) Aor 25. 2005: Jul 15. 2005: Jul 26. 2005 


[/I Assignment Q Merger 

EH Security Agreement EH Change of Name 

LH Joint Research Agreement 

I | Government Interest Assignment 

1 I Executive Order 9424, Confirmatory License 

PI Other 


Citv: Princeton 


State: New Jersey 


Countrv: us ZiD:08543 


Additional name(s) & address(es) attached? O Yes 0 No 



4. Application or patent number(s): 

A. Patent Application No.(s) 

09/609,915 



O This document is being filed together with a new application. 
B. Patent No.(s) 



Additional numbers attached? QYes [7] No 



5. Name and address to whom correspondence 
concerning document should be mailed: 

Name: Sarah B. Adriano 

Internal Address: Mandei & Adriano 



Street Address: 55 S. Lake Avenue. Suite 710 



City: Pasadena 



State: California 



Phone Number: 626.395.7801 



Zip: 91101 



Fax Number: 626.395.0694 



Email Address: sbadrianofflmandeladriano.com 



9. Signature: ^ fa . 



6. Total number of applications and patents 
involved : j 



7. Total fee (37 CFR 1.21(h) & 3.41) $ 40.00 



Authorized to be charged by credit card 
W] Authorized to be charged to deposit account 
W\ Enclosed 

I I None required (government interest not affecting title) 



8. Payment Information 

a. Credit Card Last 4 Numbers . 

Expiration Date _ 



b. Deposit Account Number 50-0306 



Authorized User Name Sarah b. Adriano 



Signature 



August 12. 2005 



Sarah B. Adriano 



Name of Person Signing 



Date 

Total number of pages including cover 
sheet, attachments, and documents: 



11 



Documents to be recorded (including cover sheet) should be faxed to (703) 306-5995, or mailed to: 
Mail Stop Assignment Recordation Services, Director of the USPTO, P.O.Box 1450, Alexandria, V.A. 22313-1450 
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ASSIGNMENT 



WHEREAS, I/WE Pe^r q t • , 
„, , ' C ' i^erXLinsley residing at 2430 Q ,h a 

^^Qn98ll9, Jeffrey A LeHh,„ dm ^~^^m^S^ 
~~~~ -^JLAa^dbetter residing at 306 N W in*TT^ 

^mLmv, i^T^U^ residing at moTT^I^^^ 
R^U^ch resi ding at^T^^^ 

» «afe resi d ing at 3020 ^f^ 1 ^^ 

^ ^ .sidingl S^f^O 
0Z458, made certain new and „ ^^^^^^ 

AND WHEREAS, W*^ Squibb „ 
"avtng a piace of business „ Uwmcev] ... . 3 D *"» ^aon, and 

—ooo ^ '^J^™Z^ PrinCa °- ** *"* 

Patent to be obtained therefor; a PPh<at,on, and m and to the Letters 

NOW THEREFORE, to a!I whom i, ma y concern be „ „ 

^■gnee, its successors „ »■ - transfer nnto said 

- •» a„ tavenlions m *• - — in 
<o the application, all division, ™,, , Wltcation, and in and 
-ion may be ^ J£ : ■ « — * * Utters Paten, 

- * -> - - .piicatio, W h,i hi r z: ;;;::i ° f such ~ - - 

«- Patent „„ the inventions and improve-neT J£ " ^ 

nghis — - ~— - »« c „„:rt: : r ignmen ' of au 

0n ' 311(1 a » Letters Patent of 
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foreign countries which may be granted therefrom; and I/WE do hereby authorize and 
request the Commissioner of Patents and Trademarks to issue any and all United States 
Letters Patent for the aforesaid inventions and improvements to the Assignee as the 
assignee of the entire right, title and interest in and to the same, for the use of the 
Assignee, its successors and assigns. 

AND, for the consideration aforesaid, I/WE do hereby agree that I/WE and 
MY/OUR executors and legal representatives will make, execute and deliver any and all 
other instruments in writing including any and all further application papers, affidavits, 
assignments and other documents, and will communicate to said Assignee, its successors 
and representatives all facts known to ME/US relating to said improvements and the 
history thereof and will testify in all legal proceedings and generally do all things which 
may be necessary or desirable more effectually to secure to and vest in said Assignee, its 
successors or assigns the entire right, title and interest in and to the improvements, 
inventions, applications, Letters Patent, rights, titles, benefits, privileges and advantages 
hereby sold, assigned and conveyed, or intended so to be. 

AND, furthermore I/WE covenant and agree with said Assignee, its successors 
and assigns, that no assignment, grant, mortgage, license or other agreement affecting the 
rights and priority herein conveyed has been made to others by ME/US and that full right 
to convey the same as herein expressed is possessed by ME/US. 



of 
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IN TESTIMONY WHEREOF, I have hereunto set my hand this g-f?^* day 
April .20 oS 



STATE OF 




COUNTY OF ^RocJ<L/ql^cL ) 



On u l**i»S ■ before me, Haft.t Pt^ peraonalrv 
appeared KiJ^ 3WiJc. . R^eTsonallv 
known to me OR [_J proved to mc on the basis of 
satisfactory evidence to be the person whose namo 
is subscribed to the within instrument and 
acknowledged to me that he executed the same in 
his authorized capacity, and that by his signature on 
the instrument the person, or the entity upon behalf 
of which the person acted, executed the instrument 



WITNESS my hand and official seal 



[SEAL] 



(^Jtary Public 
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ASSIGNMENT 

WHEREAS, I/WE, Robert J. Peach residing at 12848 Via Caballo Roio, San 
Dieeo. California 92129 . Jurgen Bajorath working at B-IT Intl. Center for Information 
Technology, Rheinische Friedrich-Wilhelms-Universitv Bonn GorresstraBe 13 D-S3113 
Bonn, Germany, made certain new and useful inventions and improvements for which 
I/WE filed an application for Letters Patent of the United States as application Serial No. 
09/609,915 filed on July 3, 2000 which is entitled SOLUBLE CTLA4 MUTANT 
MOLECULES AND USES THEREOF ; 

AND WHEREAS, Bristol-Myers Squibb Company, a Delaware corporation, and 
having a place of business at Lawrenceville-Princeton Road, Princeton, New Jersey 
08453-4000 (hereinafter "Assignee") is desirous of acquiring the entire right, title, and 
interest in and to said inventions, improvements and application, and in and to the Letters 
Patent to be obtained therefor; 

NOW THEREFORE, to all whom it may concern, be it known that pursuant to 
contractual obligations heretofore assumed by ME/US and/or for other valuable and 
sufficient consideration, the receipt of which is hereby acknowledged, I/WE have sold, 
assigned, and transferred, and by these presents do sell, assign and transfer unto said 
Assignee, its successors or assigns, the entire right, title, and interest for all countries in 
and to all inventions and improvements disclosed in the aforesaid application, and in and 
to the application, all divisions, continuations, or renewals thereof, all Letters Patent 
which may be granted therefrom, and all reissues or extensions of such patents, and in 
and to any and all applications which have been or shall be filed in any foreign countries 
for Letters Patent on the inventions and improvements, including an assignment of all 
rights under the provisions of the International Convention, and all Letters Patent of 
foreign countries which may be granted therefrom; and I/WE do hereby authorize and 
request the Commissioner of Patents and Trademarks to issue any and all United States 
Letters Patent for the aforesaid inventions and improvements to the Assignee as the 



ON008W/ M&A 30436.30USI2 



assignee of the entire right, title and interest in and to the same, for the use of the 
Assignee, its successors and assigns. 

AND, for the consideration aforesaid, I/WE do hereby agree that I/WE and 
MY/OUR executors and legal representatives will make, execute and deliver any and all 
other instruments in writing including any and all further application papers, affidavits, 
assignments and other documents, and will communicate to said Assignee, its successors 
and representatives all facts known to ME/US relating to said improvements and the 
history thereof and will testify in all legal proceedings and generally do all things which 
may be necessary or desirable more effectually to secure to and vest in said Assignee, its 
successors or assigns the entire right, title and interest in and to the improvements, 
inventions, applications, Letters Patent, rights, titles, benefits, privileges and advantages 
hereby sold, assigned and conveyed, or intended so to be. 

AND, furthermore I/WE covenant and agree with said Assignee, its successors 
and assigns, that no assignment, grant, mortgage, license or other agreement affecting the 
rights and priority herein conveyed has been made to others by ME/US and that full right 
to convey the same as herein expressed is possessed by ME/US. 
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IN TESTIMONY WHEREOF, I have hereunto set my hand this day 
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IN TESTIMONY WHEREOF, I have hereunto set my hand this /5 day 
of ~5vtiJ , 2 QQ5" . 



Robert J. Peach 



STATE OF C^WpfcNU* 
COUNTY OF $A\\x>\e&Q 




[SEAL] 



On I5 t 3cc£ before me, personally 

appeared RoB€^rTvT> feAoH personally 
known to me OR l~l proved to me on the basis of 
satisfactory evidence to be the person whose name 
is subscribed to the within instrument and 
acknowledged to me that he executed the same in 
his authorized capacity, and that by his signature on 
the instrument the person, or the entity upon behalf 
of which the person acted, executed the instrument. 

WITNESS my hand and official seal 



Notary Public 



Dkt. 30436.30USI2/SBA 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants Peter S. Linsley, Jeffrey Ledbetter, Jurgen Bajorath, Robert Peach, 

William Brady, Philip Wallace, and Nitin Damle 

Serial No. 09/609,915 Examiner: Lorraine Spector, Ph.D. 

Filed July 3, 2000 Group Art Unit: 1647 

For : SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
SIR/MADAM: 

DECLARATION BY PHILIP WALLACE 
UNDER 37 C.F.R. S1.48(a)(2) 



I, Philip Wallace, submit this request to correct inventorship for the subject application under 37 
C.F.R. § 1.48(a) in view of the originally filed claims 1-25. 

The inventive entity is set forth in error in the executed declaration under 37 C.F.R. §1.63 of the 
subject nonprovisional application. This error was inadvertent and arose without any deceptive 
intent on my part. 

Upon reconsideration and further review, I, Philip Wallace am not an inventor of the originally 
filed claims 1-25, or claims 1-2, 5, 9 and 1 1-30 which are presently pending, and thus ask to be 
removed as an inventor of the claims of the subject application. This inadvertent error arose 
without any deceptive intent on my part. 



Date: rrwrJU ZOO 5 



Philip Wallace, PJxOT T>. PkJL 

Pf* CO 



MANDEL & ADRIANO 



United States Patent Application 
COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as stated below next to my 
name; that 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors are 
named below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: SOLUBLE CTLA4 
MUTANT MOLECULES AND USES THEREOF 

The specification of which 
a. O is attached hereto 

b- was filed on July 3, 2000 as application serial no. 09/609,915 and was amended on April 15, 2002, May 8, 2002 (hand delivered May 
9, 2002), September 9, 2002, November 4, 2002, June 2, 2004 and August 2, 2004 (resubmitted on August 23, 2004) (if applicable) (in the 
case of a PCT-filed application) described and claimed in international no. filed and as amended on , which I have 

reviewed and for which I solicit a United States patent. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with Title 37, Code of 
Federal Regulations, § 1.56 (attached hereto). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19/365 of any foreign applications) for patent or inventor's 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on the basis of which priority is claimed: 



a. O no such applications have been filed. 

b. dl such applications have been filed as follows: 



FOREIGN APPLICATION(S), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 1 1 9 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
(day, month, year) 










ALL FOREIGN APPLICATION(S), IF ANY, FILED BEFORE THE PRIORITY APPLIC 


ATION(S) 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
(day, month, year) 











I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT international application(s) listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application. 



U.S. APPLICATION NUMBER 


DATE OF FILING (day, month, year) 


STATUS (patented, pending, abandoned) 


07/723,617 


27 June 1991 


Abandoned 


08/008,898 


22 January 1993 


Patented 


08/228,208 


15 April 1994 


Patented 1 



1 1-28-2008 10:08PM FROM-ROSETTA INPH^TICS 



+2068026388 ^ T-4B5 P 002/002 F-088 



I hereby claim the benefit under Title 35, IWd States Code § 1 19(c) of any United State* provisional applications) listed below; 



U.8L PROVISIONAL APPLICATION NUMBER 



DATE Or FILING (Day, Monlh, Year) 



I hereby appoint the following attorneys and agents associated with Cuitomer No. 23914, respectively and individually, as my attorneys 
and agonts, with full power of substitution, to prosecute this application and to transact all business in the Patent and Trademark Office 
oonnected therewith. 

Please dixeot all communication to the address associated with Customer No. 23914, which is currently: 

Stephen B. Davis 
Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
Princeton, New Jersey 08543-4000 



I hereby declare that all statements made herein of my own knowledge are true and that all statements nude on information and belief are 
believed to be true; and further (hat these statements were made with the knowledge that willful false statements and the like so made arc 
punishable by fine or in^risonnwnt, or both, under Section 1001 of Title 16 of the United States Code and that such willful false statements 
may jeopardize the validity of die application or any patent issued thereon. 



■ 

z 
a 
i 


Full Name 
Of Inventor 


Family Nome 

Linsley 


Fmt Given Name 
Peter 


Second Clven Name U 

s 9 


Residence 
A CiiUonihip 


City 
Sank 


Sure or Foreign Country 
Wumngton 


Country of Citizenship 1 
USA 1 


Pott Office 
Address 


Poet Office AddrtU 

2528 ll*MenusW 


City 
Scinle 


Siaic it Zip Code/Country 
Washington, 9S119/USA 


Slg&l 


Kurt of Inventor 201; C^jj^ S 


Date: 


^ i y OS 


2 


Pol] N»m« 
Or Inventor 


Family Nemo 
Ixdbcocr 


First Given Name 
jeffrvy 


Second Given Name 
A. 


0 
2 


Residence 
& ClUunsbtp 


City 
Seattle 


State or Foremen Country 
Wwhinston 


Country of Citizenship 
USA 


Put Office 
Address 


Post Omee Address 

306 N-W U 3* Place 


City 
Seaule 


State & Zip Code/Country 
Washington, 9S117/USA 




iturc or Inventor 21 


12! 


Date: 


9 3 


Foil Name 
Or Inventor 


Family Name 
Bajoradi 


First Given Name 
Jurgen 


Second Given Name 


0 

3 


Residence 
4l Citizenship 


City 

Lynn wood 


State or Foreign Country 
Washington 


Country nf Citizens hip 
Qcrmony 


Post Office 

• Address 


fast OCVcc AddraiA 

17406 37* Avenue W. 


City 

Lynnwood 




Stave & Zip Code/Country 

Washington, 98037/USA | 



Signature or Inventor 203: 



I hereby claim the benefit under Title 35, United States Code § 1 19(e) of any United States provisional application(s) listed below: 



U.S. PROVISIONAL APPLICATION NUMBER 


DATE OF FILING (Day, Month, Year) 







I hereby appoint the following attorneys and agents associated with Customer No. 23914, respectively and individually, as my attorneys 
and agents, with full power of substitution, to prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. 



Please direct all communication to the address associated with Customer No. 23914, which is currently: 

Stephen B. Davis 
Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
Princeton, New Jersey 08543-4000 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



2 


Full Name 
Of Inventor 


Family Name 

Linsley 


First Given Name 
Peter 


Second Given Name 

S. 


0 


Residence 
& Citizenship 


City 
Seattle 


State or Foreign Country 

Washington 


Country of Citizenship 

USA 




Post Office 
Address 


Post Office Address 

2528 II th Avenue W 


City 

Seattle 


State & Zip Code/Country 

Washington, 98119/USA 


Signature of Inventor 201: 


Date: 


2 


Full Name 
Of Inventor 


Family Name 
Ledbetter 


First Given Name 
Jeffrey 


Second Given Name 
A. 


0 


Residence 
& Citizenship 


City 
Seattle 


State or Foreign Country 

Washington 


Country of Citizenship 
USA 


2 


Post Office 
Address 


Post Office Address 

306 RW. 11 3 th Place 


City 

Seattle 


State & Zip Code/Country 

Washington, 98 117/US A 


Signature of Inventor 202: 


Date: 


2 


Full Name 
Of Inventor 


Family Name 
Bajorath 


First Given Name 
Jurgen 


Second Given Name 


0 


Residence 
& Citizenship 


City 

Lynnwood 


State or Foreign Country 

Washington 


Country of Citizenship 

Germany 


3 


Post Office 
Address 


Post Office Address 

17406 37 th Avenue W. 


City 

Lynnwood 


State & Zip Code/Country 

Washington, 98037/USA 


Signature of Inventor 203: ^^^h^ 






Date: 





2 


Full Name 
Of Inventor 


Family Name 

Peach 


First Given Name 
Robert 


Second Given Name 
J. 


6 


Residence 
& Citizenship 


City 

San Diego 


State or Foreign Country 

California 


Country of Citizenship 

New Zealand 


4 


Post Office 
Address 


Post Office Address 

12848 Via Caballo Rojo * /\ 


City 

San Diego 


State & Zip Code/Country 
California 92129/ USA 


Signature of Inventor 204: /2vfc^f 


Date: 




2 


Full Name 
Of Inventor 


Family Name " 

Brady 


First Given Name 

William 


Second Given Name 


0 


Residence 
& Citizenship 


City 

Bothell 


State or Foreign Country 

Washington 


Country of Citizenship 

USA 


5 


Post Office 
Address 


Post Office Address 

618 219 th Place S.W, 


City 
Bothell 


State & Zip Code/Country 

Washington, 98021 /USA 


Signature of Inventor 205: 


Date: 


2 . 


Full Name 
Of Inventor 


Family Name 
Damle 


First Given Name 

Nitin 


Second Given Name 


0 


Residence 
& Citizenship 


City 

Upper Saddle River 


State or Foreign Country 

New Jersey 


Country of Citizenship 

USA 


6 


Post Office 
Address 


Post Office Address 

53 Stevenson Lane 


City 

Upper Saddle River 


State & Zip Code/Country 

New Jersey, 07458/USA 


Signature of Inventor 206: 


Date: 



§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1 .97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 





run name 


rmiiiiy liaine 




First fvivpn Namp 

r II 31 VJIT til llullli; 


Second Given Name 


2 


Of Inventor 


Peach 




Robert 


T 

J. 


u 


Residence 


City 




State or Foreign Country 


Pniintm rtf iti7^ncKlirh 

v^oumry ui w.iu£di*iup 




& Citizenship 


San Diego 




California 


New Zealand 


4 


Post Office 


Post Office Address 




City 


State & Zip Code/Country 




Address 


12848 Via Caballo Rojo 




San Diego 


California 92129/ USA 


Signature of Inventor 204: 


Date: 




Full Name 


Family Name 




First Given Name 


Second Given Name 


2 


Of Inventor 


Brady 




William 




0 


Residence 


City 




State or Foreign Country 


Country of Citizenship 




& Citizenship 


Bothell 




Washington 


USA 


5 


Post Office 


Post Office Address 




City 


State & Zip Code/Country 




Address 


618 219 th Place S.W. A 




Bothell 


Washington, 98021 /USA 


Signature of Inventor 205: f I I tV y 


^ — > 




Date: ^/of 




Full Name 


Family Name 




[ First Given Name 


Second Given Name 


2 , 


Of Inventor 


Damle 




Tfltin 




0 


Residence 


City 




State or Foreign Country 


Country of Citizenship 




& Citizenship 


Upper Saddle River 




New Jersey 


USA 


6 


Post Office 


Post Office Address 




City 


State & Zip Code/Country 




Address 


53 Stevenson Lane 




Upper Saddle River 


New Jersey, 07458/USA 


Signature of Inventor 206: 


Date: 



§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1 ,97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1 ) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 
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§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1 ,97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 



A prima facie case of unpatentability is est^fthed when the information compels a conclusiolrinat a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 

(1) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is 
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 



(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the 
attorney, agent, or inventor. 
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except for Dr. Jeffrey Ledbetter (see attached as Exhibit 2D). 
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further, that these statements are made with the knowledge that willful false statements, 
and the like so made, arc punishable by fine or imprisonment, or both, under Section 
1001, Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 
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P.O. Box 4000 

Princeton, New Jersey 08543-4000 
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United States Patent Application 
COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as stated below next to my 
name; that 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors are 
named below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: SOLUBLE CTLA4 
MUTANT MOLECULES AND USES THEREOF 

The specification of which 

a. O is attached hereto 

b. M was filed on July 3, 2000 as application serial no. 09/609,915 and was amended on April 15, 2002, May 8, 2002 (hand delivered May 
9, 2002), September 9, 2002, November 4, 2002, June 2, 2004 and August 2, 2004 (resubmitted on August 23, 2004) (if applicable) (in the 
case of a PCT-filed application) described and claimed in international no. filed and as amended on , which I have 
reviewed and for which I solicit a United States patent. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with Title 37, Code of 
Federal Regulations, § 1.56 (attached hereto). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19/365 of any foreign application(s) for patent or inventor's 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on the basis of which priority is claimed: 



a. D no such applications have been filed. 

b. O such applications have been filed as follows: 



FOREIGN APPLICATION^), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 119 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
(day, month, year) 










ALL FORE] 
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,ED BEFORE THE PRIORITY APPLIC 
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COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
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I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT international application(s) listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code, §112,1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application. 



U.S. APPLICATION NUMBER 


DATE OF FILING (day, month, year) 


STATUS (patented, pending, abandoned) 


07/723,617 


27 June 1991 


Abandoned 


08/008,898 


22 January 1993 


Patented 


08/228,208 


15 April 1994 


Patented 
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I hereby claim the benefit under Title 35, IWd States Code § 1 19(a) af any United States provisional applications) lured below: 



| U.S. PEOVISIONAL APPLICATION NUMBER 


DATE OF PILING (Day, Month, Year) ^ 







I hereby appoint the following attorney* and agents associated with Customer No. 23914, respectively and individually, as my attorneys 
and agonts, with full power of substitution, w prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. 



Please direct all communication to the address associated with Customer No. 23914, which is curr«mtly: 

Stephen B. Davis 
Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
Princeton, New Jersey 08543-4000 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be tnie; and further (hat these statements were made with the knowledge that willful false statements and the like so made arc 
punishable by fine or in^riioninont, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of die application or any patent issued thereon. 
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i hereby claim the benefit under Title 35, United States Code § 11 9(e) of any United States provisional application(s) listed below: 



U.S. PROVISIONAL APPLICATION NUMBER 


DATE OF FILING (Day, Month, Year) 







I hereby appoint the following attorneys and agents associated with Customer No. 23914, respectively and individually, as my attorneys 
and agents, with full power of substitution, to prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. 



Please direct all communication to the address associated with Customer No. 23914, which is currently: 

Stephen B. Davis 
Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
Princeton, New Jersey 08543-4000 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 
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§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1 .97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 
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§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 



A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 

(1) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is 
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 



(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the 
attorney, agent, or inventor. 
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SARALYNN MAN DEL 
SARAH B. ADRIANO* 
55 S. LAKE AVENUE, SUITE 710 
PASADENA, CA 91101 
PHONE 626/395-7801 
FAX 626/395-0694 
♦Admitted in New York Only 

December 23, 2004 

By Federal Express 
Dr. Jeffrey A. Ledbetter 
306 N.W. 11 3 th Place 
Seattle, Washington, 98117 

Re: Peter S. Linsley et al., entitled "SOLUBLE CTLA4 MUTANT MOLECULES 
AND USES THEREOF," U.S. Serial No. 09/609,915 filed My 3, 2000, which is 
a CTP of U.S. Serial No. 08/228,208 filed April 15, 1994, now U.S. Patent No. 
6,090,914 issued on July 18, 2000, which was a CIP of U.S. Serial No. 
08/008,898 filed January 22, 1993, now U.S. Patent No. 5,770,197 issued on June 
23, 1998, which was a CIP of U.S. Serial No. 07/723,617 filed June 27, 1991, 
now abandoned; BMS Ref. ON0085N-US-CIP; M&A Ref. 30436.30USI2 

Dear Dr. Ledbetter: 

We enclose a Combined Declaration and Power of Attorney (Exhibit 1), in connection 
with the above-identified application. We also enclose copies of: the originally-filed 
patent application (Exhibit 2) and the Amendments filed in connection with the subject 
application on April 15, 2002 (Exhibit 2a), May 8, 2002 (hand delivered May 9, 2002) 
(Exhibit 2b), September 9, 2002 (Exhibit 2c), November 4, 2002 (Exhibit 2d), June 2, 
2004 (Exhibit 2e) and August 2, 2004 (Exhibit 2f) (resubmitted on August 23, 2004 
(Exhibit 2g)); and pending claims 1-30 (Exhibit 3). 

The originally-filed claims were directed to soluble CTLA4 mutant molecules. As 
originally-filed, the named inventors were Peter Linsley, Jeffrey Ledbetter, Nitin Damle, 
William Brady, Jurgen Bajorath, Robert Peach, and Philip Wallace. Dr. Wallace was 
originally included in the inventorship list, based on his inventive contribution in one of 
the earlier patent applications, to which the subject application claims priority. However, 
upon further consideration, we haVe concluded that Dr. Philip Wallace is not an inventor 
of any of the originally-filed claims directed to soluble CTLA4 mutant molecule of this 
case. Accordingly, the inventorship of the subject application must be changed to exclude 



Dr. Jeffrey A. Ledbetter 
December 23, 2004 
Page 2 

Dr. Wallace as an inventor. If you disagree with our assessment of inventorship, please 
contact us immediately. 

In order to effect a change of inventorship, please review again the enclosed application 
(Exhibit 2) and amendments (Exhibits 2a-2g) for accuracy, and if accurate then review 
and sign and date the Combined Declaration and Power of Attorney (Exhibit 1) where 
indicated, in black ink. 

Please return the signed and dated Combined Declaration and Power of Attorney (Exhibit 
1) to us by facsimile, and the originals by mail to the above address before: 

JANUARY 23, 2005 

Failure to return the executed documents by the JANUARY 23, 2005 date will be viewed 
as a refusal to sign. 

Please contact our office if you have any questions or comments. Thank you for your 
cooperation. 

Sincerely, 

. . e a a - 

Sarah B. Adriano 



SBA/RDG/HVR/rapd 
Enclosures 

cc: Audrey F. Sher, Esq. (w/o encl.) 

Roberta D. German, Ph.D. (w/o encl.) 
Hema Vakharia-Rao, Ph.D. (w/o encl.) 

m;\bristoI\30usi2V;orTcs clients\pctitipn letters\04 dec 22 inventor's dcc-poa ledbetter.doc 



MANDEL & ADR1AN0 
United States Patent Application 
COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as stated below next to my 
name; thai 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors are 
named below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: SOLUBLE CTLA4 
MUTANT MOLECULES AND USES THEREOF 

The specification of which 

a. O is attached hereto 

b. [3 was filed on July 3, 2000 as application serial no. 09/609,915 and was amended on April 15, 2002, May 8, 2002 (hand delivered May 
9, 2002), September 9, 2002, November 4, 2002, June 2, 2004 and August 2, 2004 (resubmitted on August 23, 2004) (if applicable) (in the 
case of a PCT-filed application) described and claimed in international no. filed and as amended on , which I have 
reviewed and for which I solicit a United States patent. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with Title 37, Code of 
Federal Regulations, § 1.56 (attached hereto). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19/365 of any foreign application(s) for patent or inventor's 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on the basis of which priority is claimed: 



a. O no such applications have been filed. 

b. O such applications have been filed as follows: 



FOREIGN APPLICATION (S), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 119 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
(day, month, year) 










ALL FORE 


rGN APPLICATION(S), IF ANY, FIL 


.ED BEFORE THE PRIORITY APPLICATION(S) 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
(day, month, year) 











I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT international application(s) listed 
below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application. 



| US. APPLICATION NUMBER 


DATE OF FILING (day, month, year) 


STATUS (patented, pending, abandoned) I 


07/723,617 


27 June 1991 


Abandoned 


08/008,898 


22 January 1993 


Patented 


08/228,208 


15 April 1994 


Patented 1 



I hereby claim the benefit under Title 35, United States Code § i 19(e) of any United States provisional application(s) listed below. 



U.S. PROVISIONAL APPLICATION NUMBER 


DATE OF FILING (Day, Month, Year) 







I hereby appoint the following attorneys and agents associated with Customer No. 23914, respectively and individually, as my attorneys 
and agents, with full power of substitution, to prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. 

Please direct all communication to the address associated with Customer No. 23914, which is currently: 

Stephen B. Davis 
Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
Princeton, New Jersey 08543-4000 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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Of Inventor 


Family Name 
Linsley 


First Given Name 
Peter 


Second Given Name 

S. 


0 


Residence 
& Citizenship 


City 
Seattle 


State or Foreign Country 

Washington 


Country of Citizenship 
USA 


1 


Post Office 
Address 


Post Office Address 

2528 1 1 th Avenue W 


City 
Seattle 


State & Zip Code/Country 
Washington, 98U9/USA 
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Date: 
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Of Inventor 
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First Given Name 
Jeffrey 


Second Given Name 
A. 


0 


Residence 
& Citizenship 


City 
Seattle 


State or Foreign Country 
Washington 


Country of Citizenship 
USA 
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Post Office Address 

306 RW. 113 th Place 


City 
Seattle 
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Washington, 98 117/US A 
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City 
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State or Foreign Country 
Washington 


Country of Citizenship 
Germany 
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Post Office 
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Post Office Address 

17406 37 th Avenue W. 


City 

Lynnwood 


State & Zip Code/Country 

Washington, 98037/USA 


Sign 


ature of Inventor 1 
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Date: 
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Family Name 
Peach 


First Given Name 

Robert 


Second Given Name 
J, 


V 


Residence 
& Citizenship 


San Diego 


State or Foreign Country 
California 


Country of Citizenship 
New Zealand 


A 


Pnct Of fire 

Address 


Post Office Address 
12848 Via Cabal lo Roio 
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San Diego 


State & Zip Code/Country 
California 92129/ USA 


Signs 


iture of Inventor 21 


»4: 


Date: 


2 


Full Name 
Of Inventor 


Family Name 
Brady 


First Given Name 
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Second Given Name . 
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& Citizenship 


City 
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State or Foreign Country 
Washington 
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USA 
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Pn*t Office 
Address 


Post Office Address 
618 219 th Place S.W. 
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State & Zip Code/Country 
Washington, 9802 1/USA 
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Date: 
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§ L56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not rnaterial to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§1 97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 




A prima facie case of unpatentability is established When the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 

(1) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is 
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

. (d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the 
attorney, agent, or inventor. 




30436.30US12/SBA/RDG 
SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 

5 This application is a continuation-in-part of U.S. Serial No. 08/228,208, filed April 15,1 994, 
U.S. Serial No. 08/539,436, filed October 19, 1995, and U.S. Serial No. not yet known, filed 
June 26, 2000, which is a continuation in part of U.S. Serial No. 09/014,761, filed January 2S, 
1998, which claims priority of U.S. Serial No. 60/036,549, filed January 28, 1997, now 
abandoned, the contents of all of which are incorporated by reference into the present 

10 application. 

Throughout this application various publications are referenced. The disclosures of these 
publications in their entireties are hereby incorporated by reference into this application in order 
to more fully describe the state of the art to which this invention pertains. 

15 

FIELD OF THE INVENTION 

The present invention relates to the field of soluble CTLA4 molecules which are mutated from 
its wildtype counterpart and binds CD80 and/or CD86. 

20 

BACKGROUND OF THE INVENTION 

Antigen-nonspecific intercellular interactions between T-lymphocytes and antigen-presenting 
cells (APCs) generate T cell stimulatory signals that generate T cell responses to antigen 
25 (Jenkins and Johnson 1993 Curr. Opin Immunol. 5:361-367). Stimulatory signals determine 
the magnitude of a T cell response to antigen, and whether this response activates or 
inactivates subsequent responses to antigen (Mueller et al. 1989 Annu. Rev. Immunol. 7: 445- 
480). 

30 T cell activation in the absence of costimulation results in an aborted or anergic T cell 
response (Schwartz, R.H. 1992 Cell 71:1065-1068). One key stimulatory signal is provided 

- 1 - 



by. interaction of T cell surface receptors CD28 and CTLA4 with B7 related molecules on 
APC (e.g:, also known as B7- 1 and B7-2-, or CD80 and CD86, respectively) (P. Linsley and 
3. Ledbetter 1993 Amu. Rev. Immunol. 1 1:191-212). 

5 The molecule now known as CD80 (B7-1) was originally described as a human B cell- 

. • • *• /v„i-^m t * ?\ 1981 J Immunol. 128:823-827; Freeman, 
associated activation antigen (Yokochi, 1. et al. J- immune. 

GJ etal. 1989 J: Immunol. 143:2714-2722), and subsequently identified as a counterreceptor 
for the related T cell molecules CD28 and CTLA4 (Linsley, P.. et al. 1990./**. Natl. Acad. 
Sci. USA 87:5031-5035; Linsley, P.S. et al. 1991(a) J. Exp. Med. 173:721-730; Linsley, P.S. 
10 etal. 1991(b) J. Exp. Med.. 174:561-570). 

More recently, another counterreceptor for CTLA4 was identified on antigen presenting cells 
(APC) (Azuma, N. et al. 1993 Nature 366:76-79; Freeman 1993(a) Science 262:909-911; 
Freeman, "GJ. et al. 1993(b) J. Exp. Med. 178:2185-2192; Hathcock, K.L.S., et al. 1994 J. 
IS Exp Med. 180:631-640; Lenschow, D.J. etal., 1993 Proc. Natl. Acad. Sci. USA 90:11054- 
11058; Ravi-Wolf, Z., et al. 1993 Proc. Natl. Acad Sci. USA 90:11182-11186; Wu, Y. et al. 
19937. Exp. Med. 178:1789-1793). 

This molecule, now known as CD86 (Caux, C, et al. 1994 J. Exp. Med. 180:1841-1848), but 
20 also called B7-0 (Azuma et al., 1993, supra) or B7-2 (Freeman etal., 1993a, supra), shares 
about 25% sequence identity with CD80 in its extracellular region (Azuma et al., \99\ supra; 
Freeman et al., 1993a, supra, 1993b, supra). CD86-transfected cells trigger CD28-med ia ted 
T cell responses (Azuma et al., 1993, supra; Freeman et al., 1993a, 1993b, supra). 

7 5 Comparisons of expression of CD80 and CD86 have been the subject of several studies 
(Azuma et al. 1993, supra; Hathcock et al., 1994 supra; Larsen, CP., et al. 1994 J. Immunol. 
152-5208-5219; Stack, R.M., et al., 1994 J. Immunol. 152:5723-5733). Current data mdicate 
that expression of CD80 and CD86 are regulated differently, and suggest that CD86 
expression tends to precede CD80 expression during an immune response. 
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Soluble forms of CD28 and CTLA4 have been constructed by fusing variable (v)-like 
extracellular domains of CD28 and CTLA4 to immunoglobulin (Ig) constant domains 
resulting in CD28Ig and CTLA4Ig. CTLA4Ig binds both CD80 positive and CD86 positive 
. cells more strongly than CD28Ig (Linsley, P. ei al. 1994 Immunity 1:793-80). Many T cell- 
5 dependent immune responses are blocked by CTLA4lg both in vitro and in vivo. (Linsley, et 
al., (1991b), supra; Linsley, P.S. et al., 1992(a) Science 257:792-795; Linsley, P. S. et al., 
1992(b) J. Exp. Med. 176:1595-1604; Lenschow, D.J. et al. 1992, Science 257:789-792; Tan, 
P./et al., 1992 J, Exp. Med. 177:165-173; Turka, L.A., 1992 Proc. Natl. Acad. Sci. USA 
89:1 1 102-1 1 

10 

Soluble CTLA4 molecules are effective immunosuppressive agents. There is a need to 
discover additional soluble CTLA4 molecules for treatments requiring donor-specific and 
antigen-specific tolerance. 

15 SUMMARY OF THE INVENTION 

The invention provides soluble CTLA4 mutant molecules that bind CD80 and/or CD86. In 
accordance with the practice of this invention, soluble CTLA4 molecules of the invention have 
amino acid changes in the extracellular domain of CTLA4 so as to produce molecules which 
20 would retain the functional property of CTLA4, namely, the mutant molecule will still bind 
either CD80, CD86, or both. In some embodiments, certain mutant molecules bind CD80 and/or 
CD86 with greater or similar avidity, compared to CTLA4. 

CTLA4 mutant molecules comprise the extracellular domain of CTLA4 having an amino acid 
25 residue(s) replaced with another amino acid(s). The replacement ammo acid residue can be any 
of the 20 natural amino acids or a non-naturally occurring amino acid. Embodiments of the 
mutant molecule include molecules having a single amino acid substitution at position S25, P26, 
G27, K28, A29, T30, E3 1 , or R33 '. Other embodiments include mutant molecules having a single 
amino acid substitution at position K93, L96, M97, Y98, P99, PI 00, P101, Y102, or Y103. 
30 Additional embodiments includes mutant molecules having a single amino acid substitution at 
position L104,G105, I106,G107, Q111,Y113, or 1115. 
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■ , , v.-i, CDS 6 more avidiv than wildtype, e..g M 

Examples of CTLA4 mutant molecules which bind Uu>&o -nuie 

CTLA4Ig, include certain mutants having amino acid substitutions at position S25, A29, 130. 
K93, L96, Y103, LI 04, or G105. 

5 

BRIEF DESCRIPTION OF THE FIGURES 

e „ r"TT i ilo fimion construct as described in 
Figure 1: Shows a schematic representation ot a CTLA-Ug tusion consu 

Example i.jjQfra- 

Figure 2: Shows a photograph of a gel obtained ftom SDS-PAGE chromatographic purification 
of CTLA41g as described in Example 1, infra. 

Figure 3- Shows the complete amino acid sequence encoding human CTLA4 receptor fused to 
,5 the oncostatin M signal peptide, and inciuding the newly identified N-.inked giycosyiation S ,.e, 

as described in Example 1 , infra. 

Figure 4: Depicts the results of FACS» analysis of binding of the B7Ig fusion protein to CD28- 
and CTLA4-transfected COS cells as described in Example 4, infra. 

20 . 

Figure 5- Depicts the results of FACS» analysis of binding of purified CTLA41g on B7 anfgen- 
positive (B7*> CHO cel.s and on a lymphoblastoid cell line (PM LCL) as described in Example 

4, infra . 

25 Figure ft Shows a graph illuming competition binding otalysis of "H labeled B71 g to 
immobilized CTLA4Ig as described in Example 4, infra. 

Figure 7: Depicts a graph showing the results of Scatchard analysis of labeled B71 g binding 
to immobilized CTLA4Ig as described in Example 4, infra. 

30 
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Figure. 8: Shows a photograph of a gel from SDS-PAGE chromatography of 
immunoprecipitation analysis of B7 positive CHO cells and PM LCL cells surface-labeled with 
n ' J l as described in Example 4, infra. 

5 Figure 9: Depicts a graph showing the effects on proliferation of T cells of CTLA4Ig as 
measured by [ 3 H]-thymidine incorporation as described in Example 4, infra. 

Figure 1 0: Shows a bar graph illustrating the effects of CTLA4Ig on helper T cell (T h )-induced 
immunoglobulin secretion by human B cells as determined by enzyme immunoassay (ELISA) as 
10 described in Example 4, infra. 

Figure 1 la-c: Depicts graphs showing the survival of human pancreatic islet xenografts in mice, 
as described in Example 5, infra. 

A) Control animals treated with PBS (solid lines) or L6 (dotted lines); 
15 B) Animals treated with CTLA4Ig for 14 consecutive days immediately after human islet 
transplantation; 

C) Animals treated with CTLA4lg every other day for 14 days immediately after human islet 
transplantation. 
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Figures 12: Shows photographs of histopathology slides of human islets transplanted under the 
kidney capsule of BIO mice. A) Hematoxylin and eosin staining of human islet grafted in a 
control BIO mouse; B) The tissue shown in Figure A, stained for insulin; C) Hematoxylin and 
eosin staining of a human islet in a BIO grafted mouse treated with CTLA4; D) The tissue shown 
in Figure C, stained for insulin. 

Figure 13: Depicts a line graph showing the prolongation of islet graft survival with MAb to 
human B7 in streptozotoc in-treated animals. 

Figure 14: Depicts a line graph showing induction of donor-specific unresponsiveness to islet 
30 graft antigens by CTLA4Ig. 
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,v. Denies . graph showing «*ibo* «~m »<« levels of mice Ufccwi sheep red 
Mood cell, (s'rBC), mAb L6 and ra. Ig, mAb L6 and an.i-DA CTLA41g and ra, Ig, C .LMIg 
and an,i.IL4. The X axis measures ft. an.ibodyserum .iter. The Y axis measures time 01 da*. 
^ elosed box represents mice mjecled «tlh SRBC a. day 0 ar.d day 46. The open box 
.presents mice injected with SRBC a. day 46. The closed cirde represents mice injeoed « 
rtAb L6 and M immunogiobulin. The open circle represent mice mjected with mAb L6 and 
W.IM antibody. The closed triang.e represents mice injected with CTLA4Ig and ra, 
nnmu.og.obulh, The open triangle represents mice injected with CTLA4Ig and ^ 
antibody. 

Figure 16- Depicts a graph showing antibody serum titer levels of mice injected with KLH, mAb 
L6 and ra. Ig, mAb L6 and a„,i-IL4, CTLA41g and ra. Ig, CTLA4Ig and anti-[L4. The X ax,s 
measures the antibody-serum ti.er: The Y axis measures time in days. The closed box represent 
mice injected with keybole limpet hemocyanin (KLH) a, day 46. The closed circle represent 
mice injected with mAb L6 and ra. immunoglobulin. The open circle represent m.ce .njec.ed 
with mAb L6 and anti-DL4 antibody. The dosed .riangle represents mice injected wuh CTLA41g 
and ra, immunoglobulin. The open .riangle represems mice injected with CTLA4Ig and anU-H-4 
antibody. 

Figure 17: Depicts sequencing augment of CD28 and CTLA4 family members. Sequences of 
human (H), mouse (M), ra. (R), and chicken (Ch) CD28 are aligned with human and mouse 
CTLA4 The signal pepiides are underlined wim a dashed line. TT,e transmembrane domams 
are underlined wi* a solid line. The CDR-analogous regions are noted. Tbe dark shaded areas 
highligh. comple.e conservation of residues while the light shaded areas higMigh. conserve 
j amino acid substitutions in all family members. 

Figure 18: Depicts a graph showing the results of a binding assay of CTLA41g mutants with 
B7-1 . The various CTLA41g mutants each have a residue within the MYPPPY motif replaced 
with an alanine, as described in Example 7, infra. 
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Figure \9: Shorn, a schematic map of CTLA4/CD281g hybrid fusion proteins. Open areas 
represent CD2 8 sequence; solid areas represent CTLA4 sequence; cross-hatched areas represent 
beginning of IgG Fc (aiso refer to Example 1, infra). 

5 Figures 20a-b: Depicts graphs showing the results of a binding assay of CTLA4/CD28 hybrid 
fusion molecules and B7-1 . 

A) A comparison of the binding activity of CTLA4Ig, CD28Ig, HS2, HS4, and HS6; 

B) A comparison of the binding activity of CTLA41g, CD28Ig, HS5, HS4-43, and HS8. 

1 0 Figure 2 1 : A molecular model pf monomelic CTLA4Ig v-like extracellular domain. 

Figure 22: Depicts the amino acid sequence of a CTLA4Ig having wildtype extracellular 
domain of CTLA4. 

15 Figure 23: Depicts the nucleotide and amino acid sequences of L104EIg starting at 
methionine at position +1 to aspartic acid at position +124, or alanine at position -1 to 
aspartic acid at position +124. 

Figure 24: Depicts the nucleotide and amino acid sequence of L104EA29YIg starting at 
20 methionine at position +1 to aspartic acid at position +124, or alanine at position -1 to 
aspartic acid at position +124. 

Figure 25: Depicts the nucleotide and amino acid sequences of L104EA29LIg starting at 
methionine at position +1 to aspartic acid at position +124, or alanine at position -1 to 
25 aspartic acid at position +124. 

Figure 26: Depicts the nucleotide and amino acid sequences of Ll04EA29TIg starting at 
methionine at position +1 to aspartic acid at position +124, or alanine at position -1 to 
aspartic acid at position +124. 

30 
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c of U04EA29WIg starting at 

methionine at position +1 to a-partic aud a . 



aspartic acid at position + 124 



i • „fi m4EA29YIg, L104EIg, 
and wild-type CTLA4Ig to CD86 lg . L104EA29 ^ ^ 

Example 9, mft, H» W*™ « » f LI 4EA29 , ^ U04EA29Ylg (3.66) 

■ 03.9) indicates higher binding avidity to CD86I g . Tl-e ^ 

, f rirs assav showing U04EA29YIg and L104EIg bind 
Figure 29: Depicts the results of a FACS assay, sho 

, ,„ rHO His stably transfected with human CD86 than ones 
more strongly to CHO cells y ^ CHO-tranfected cells; B) 

U04EA29Ytg and L104Eig binding to human CD80 

Figure 30: Depicts * results of , «*o — ~* — 

Z< M more effective than CT^g * inhibiting ^ ^ 

, , - • f rnxo + PMA stimulated prohterauon uy 
human! cell, Inhibition ° ^ proliferation of CD80 + PMA 

,0 L104EA29Ylg is more equivalent. A) UWt 

treated human T cells; B) L104EA29Ylg inhibits proliferation of CD 

human T cells. 

us of i n «*, functional assays, showing L.G4EA29Y* is 
Fig ure 31: Depicts the result « ' ^ ptoliferalion of primary and 

25 approximate. »^^t^«B^-«*--^ 

T cells: B) The effect of LIUitAzv 1 1& « 

, Usofinvi ,ro functional assays, showing L104EA29Y 1 g is 5-7- 
Fig„re32: Depicts the results of m v„ro ^ 

30 fold more effective than COM* - — ^ on 
production of allostimulated human T cells. A) 
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production; B) The effect of. L104EA29YIg on IL-4 production.; C) Ihe effect of 
L104EA29YIg on garnma-IFN production. 

Figure 33: Depicts the results of in vitro functional assays, showing LI04EA29YIg is ~ 10- 
fold more effective than CTLA4Ig at inhibiting proliferation cf PHA-stimulated monkey 
PBMC's. 



Figure 34: Depicts the results of in vitro functional assays, showing inhibition of proliferation 
of T cells stimulated with PMA and CD80-CHO or CD86-CHO cells. A) The inhibitory 
i 0 effect of L 1 04EIg and L 1 04SIg on T cells stimulated with PMA blasts and CD80-CHO cells; 
B) the inhibitory effect of L104DIg and LI 04SIg on T cells stimulated with PMA blasts and 
CD80-CHO cells. 

Figure 35: Depicts the results of a FACS assay, showing L104EIg and L104EG105FIg bind 
15 CHO cells stably transfected with human CD80 or CD86. A) L104EIg and L104EG105Flg 
bind to human CD80 CHO-transfected cells; B) L104EIg and L104E105Flg bind to human 
CD86 CHO-transfected cells. 

Figure 36: Depicts the results of in vitro functional assays, showing L104Elg and 
20 L I 04EG 1 05FIg inhibit proliferation of primary allostimulated T cells. 

Figure 37: Figure 35: Depicts the results of a FACS assay, showing L104EIg and 
L104ES25RIg bind CHO cells stably transfected with human CD80 or CD86. A) L104EIg and 
L104ES25Rlg bind to human CD80 CHO-transfected cells; B) L104EIg and L104ES25RIg 
25 bind to human CD86 CHO-transfected cells. 



DETAILED DESCRIPTION OF THE INVENTION 

DEFINmONS 

As used in this application, the following words or phrases have the meanings specified. 
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As .used herein a "CTLA4 mutant -molecule" is a molecule including full length CTLA4 or 
portions thereof (e.g., fragments) having the activity of binding CD80 and/or CD86 and that has 
a mutation or multiple mutations in the extracellular domain of CTLA4, so that the sequence of 
5 the mutant molecule is not identical to the wildtype CTLA4 molecule. The CTLA4 mutant 
molecules may be fusion molecules comprising a non-CTLA4 molecule attached thereto. The 
mutant molecules may be soluble (i.e., circulating) or bound to a surface. CTLA4 mutant 
molecules can be made synthetically or recombinantly. 

1 0 As used herein, the term "mutation" means a change in the amino acid sequence of the wild-type 
CTLA4 extracellular domain. The amino acid changes include substitutions, deletions, 
insertions, additions, or truncations. The mutant molecule can have one or more mutations. 

As used herein "the extracellular domain of CTLA4" is the portion of the CTLA4 receptor that 
15 extends outside the cell membrane or any portion thereof which recognizes and binds CD80 
and/or CD86. 

As used herein "CTLA4" has the sequence of wildtype, full length CTLA4 as shown in Figure 3 
of U.S. Patent Nos. 5,434,131, 5,844,095, 5,85 1,795, or any portion thereof which binds CD80 
or CD86 or interferes with CD80 or CD86 so that it blocks binding to CD28 or CTLA4 (e.g., 
20 endogenous CD28 or CTLA4). CTLA4 is a cell surface protein, having an N-terminal 
extracellular domain, a transmembrane domain, and a C-terminal cytoplasmic domain. The 
extracellular domain binds to target antigens, such as CD80 or CD86. In a cell, the naturally 
occurring, wild type CTLA4 protein is translated as an immature polypeptide, which includes a 
signal peptide at the N-terminal end. The immature polypeptide undergoes post-translatipnal 
25 processing, which includes cleavage and removal of the signal peptide to generate a CTLA4 
cleavage product having a newly generated N-terminal end that differs from the N-terminal end 
in the immature form. One skilled in the art will appreciate that additional post-translatiohal 
processing may occur, which removes one or more of the amino acids from the newly generated 
N-terminal end of the CTLA4 cleavage product. The mature form of the CTLA4 molecule 
30 includes the extracellular domain or any portion thereof which binds to CD80 and/or CD86. 



- 10- 



, , M rr, « fas been deposited with the American Type Culture 
One embodiment ot . so.ub.e C A ° ^ fte provisions of the Budapest Treaty on May 
Collection (ATCC) in Manassas, Maryland, u.,der the pr ^ A -fCC 68629 is DNA 

^-4 ATrr accession number. 68bzy. 
3 , 1991 ^ has been accoru d ATCC ^ ^ ^ ^ ^ ^ „ 

encoding CTW Additionally, tne CTLA > ^ — ^ 

ATCC under the Budapest Treaty on May 31, 199! and ^ . 19 , 20 00 

a* x inAF400Ylu was submitted tor aepobu ui 

ATCC 10762. DNA encoding U04EA 9Ytg^ . ^ Blvd „ Ma „ a ssas, VA 

with the American Type Culture Collection tATCC), 10801 Univ 

20110-2209. The ATCC accession number has not yet been assigned. 

,„ . , „ nooCTLA4 protein sequence" or "non-CTLA4 molecule" means an, 
D As used herein a non CTLA4 p ^ ^ ^ ^ 

protein molecule which does not bind- CD80 and/or ^ iramunog lobulin 

k-m- of CTLA4 to its target. An example includes, but is not limited to, an imm 
binding of CTLA4 g .. ^ human or monkey 

(Ig) constant region or portion thereof. Preferably, th g ^ 

5,851,795; and 5,885,796). 

„ nf CTLA4 mutant molecule, preferably the 
As ^d herein a "fragment" is any P«*. of ™. ^ „ (argel , e .,. 

, j • n ffTiA4ora portion thereof that recognize <mu 
extracellular domain of C1LA4 or a pui 

20 CD80 and/or CD86. 

„ „ „ "blocks T cell proliferation" means to bind CD80 or CD86, e.g„ on APCs, so 
As used herein blocks l cen piu eQtlde 
lhat T cell proliferation is de,ec,ab.y inhibited by an art recogntzed test such as by 
25 incorporation into DNA or clonogenic assay. 

, <~77 44 nositive T cell interaction" means to suppress an 
30 As used herein "regulating functional CTLA4 positive 

immune response directly or indirectly. 
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. ., • anv «,rt of th- molecule which recognizes and binds its 
As used herein ^least a portion- means an> part ot ttu moic 

target, e.g., CD80 or CD86. 

psoriasis- immune disorder associated with graft .-plantation rejecfon; T cel. ,y™ph T 

mgiW s; and autoimmune diseases such as ,upus erythematosus, Hashunoto s th^d,,,, ^ 
0 « "sease, pernicious anemia, autoimmune atrophic A-W 

lie m,u,in dependent diabetes mellitis, good pasture's syndrome, myasmema gravs, 
3^ Crohn, dtsease, sympathetic ophthalmia, auto^e uveitis, ^e scie.s.s 
ILL hemolytic anemia, idiopathic tluombocytopenia, ^ 
action hepatitis, — colitis. SjogrenV syndrome, rheumatoid anhntis, po.ymyos.tis, 
15 scleroderma; and mixed connective tissue disease. 

j .. . „.„ u, _,„„ fully understood, the following 
1„ order tot the invention herein described may be more rully 

description is set forth. 

20 ™mpOSITK>NS ™* INWWION 

. . , „ rnu mutant molecules which recognize and bind 
The present invention provides soluble CTLA4 mutant molec 

.. . .w. rn iJmutantmolecueshavesimllarorlower 
CD80 and/or CD86. In some embodiments, the CTLA4 mutant mol _ 
aly to CD80 and,„r CD86 than CTLA41g. Hie prefened embodiment inches sol,* 
25 al mutants having a higher avidity , CD80 and/or CD86 than CTLA4,, The preferr 
" ^llecules should be better able to interTere or disrupt the prinung of antigen specie 
activated cells than CTLA4Ig 

The present invention provides CTLA4 mutant mo.ecu.es c„mpris»g at leas, the extraocular 
The present , , - „ CD86 . The extracellular portion of 

30 domain of CTLA4 or portions thereof that bind CD80 and/pr <- . 

CTLA4 comprises methionine a. position +1 through aspartic acid at position +, 24 (=.,, F,g 
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3 or 22): The extracellular portion of the CTLA4 can comprise alanine at position -1 through, 
aspartic acid at position + 1 24 (e.g., Figure 3 or 22). The extracellular portion of the CTLA4 can 
comprise. glutamic acid at position +95 through cysteine at position +120. The extracellular 
portion of the CTLA4 can comprise methionine at position + 1 through cysteine at position +2 1 
5 and glutamic acid at position +95 through aspartic acid at position +122. The extracellular 
portion of the CTLA4 can comprise methionine at position + 1 through tyrosine at position +23 
and valine at position +32 through aspartic acid at position +122. The extracellular portion of 
the CTLA4 can comprise alanine at position +24 through glutamic acid at position +31 and 
glutamic acid at position +95 through aspartic acid at position +122. The extracellular portion of 
10 the GTLA4 can comprise alanine at position +24 through glutamic acid at position +31 and 
glutamic acid at position +95 through isoleucine at position +1 12. The extracellular portion of 
the CTLA4 can comprise alanine at position +24 through glutamic acid at position +31 and 
tyrosine at position +113 through aspartic acid at position +122. The extracellular portion of the 
CTLA4 can comprise alanine at position +50 through glutamic acid at position +57 and glutamic 
1 5 acid at position +95 through aspartic acid at position +122. The extracellular portion of the 
CTLA4 can comprise alanine at position +24 through glutamic acid at position +31; alanine at 
position +50 through glutamic acid at position +57; and glutamic acid at position +95 through 
aspartic acid at position +122. The extracellular portion of the CTLA4 can comprise alanine at 
position +50 through glutamic acid at position +57 and glutamic acid at position +95 through 
20 isoleucine at position +112. The extracellular portion of the CTLA4 can comprise alanine at 
position +24 through glutamic acid at position +31; alanine at position +50 through glutamic 
acid at position +57; and glutamic acid at position +95 through aspartic acid at position +122. 
The extracellular portion of CTLA4 can comprise alanine at position +24 through valine at 
position +94. The extracellular portion of CTLA4 can comprise alanine at position -1 through 
25 cysteine at position +21. The extracellular portion of CTLA4 can comprise methionine at 
position +1 through cysteine at position +21. The extracellular portion of CTLA4 can comprise 
glutamic acid at position +95 through aspartic acid at position +122. The extracellular portion of 
CTLA4 can comprise alanine at position -I through valine at position +94. The extracellular 
portion of CTLA4 can comprise methionine at position +1 through valine at position +94. The 
30 extracellular portion of CTLA4 can comprise alanine at position +24 through glutamic acid at 
position +31. The extracellular portion of CTLA4 can comprise alanine at position -1 through 
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tyrosine at position +23. The extracellular portion of CTLA4 can comprise memionine im- 
position + 1 through tyrosine at position +23. The extracellular portion of CTLA4 can comprise 
valine at position +32 through aspartic acid at position +122. The extracellular portion of 
CTLA4 can comprise tyrosine at position +113 through aspartic acid at position +122. The 
extracellular portion of CTLA4 can comprise glutamic acid at position +95 through iso leucine at 
position +1 12. The extracellular portion of CTLA4 can comprise alanine at position +50 through 
glutamic acid at position +57, 

In one embodiment, the soluble CTLA4 mutant molecules comprise one or more mutations 
(e:g., amino acid substitutions, deletions, or insertions) in the extracellular domain of CTLA4. 

For example, the soluble CTLA4 mutant molecules can include a mutation or mutations within 
or in close proximity to the region encompassed by serine at position +25 through arginine at 
position +33 (e.g., S25-R33). The mutant CTLA4 molecules can include an amino acid 
> substitution at any one or more of the following positions: S25, P26, G27, K28, A29, T30, E31 , 
or R33. 

In another embodiment, the soluble CTLA4 mutant molecules can include a mutation or 
mutations within or in close proximity to the region encompassed by glutamic acid at position 
0 +95 to glycine at position +107 (e.g., E95-G107) The mutant CTLA4 molecules can include an 
amino acid substitution at any one or more of the following positions: K93, L96, M97, Y98, P99, 
P100, P101, Y102, Y103, L104, G105, 1106, and G107. 

Additionally, the invention provides soluble CTLA4 mutant molecules having a mutation or 
25 mutations within or In close proximity to the region encompassed by asparagine +108 to 
isoleucine at position +115 (e.g., N108-I115). The mutant CTLA4 molecule can include an 
amino acid substitution at any one or more of the following positions: L104, G105, 1106, G107, 
QUI, Y113, or 1115. Examples of CTLA4 molecules having mutations in the CTLA4 
extracellular domain are included in Tables 2, 3, and 4. 

30 
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Additionally, the invention provides mutant molecules having, one mutation in the 
extracellular domain of CTLA4. Examples include the following: 



Single-site mutant; ( 


Codon change; 


L104EIg 


Glutamic acid GAG 


L104SIg 


Serine AGT 


L104TIg 


Threonine AC G 


L104AIg 


Alanine GCG 


LI 04 Wig 


Tryptophan TGG 


L104QIg 


Glutamine CAG 


L104KIg 


Lysine AAG 


L104RIg 


Arginine CGG 


L104GIg 


Glycine GGG 


Further, the invention provides mutant molecules having two mutations in the extracellu 


domain of CTLA4. Examples include the following: 


Double-site mutants: 


Codon change: 


L104EG105FIg 


Phenylalanine TTC 


L104EG105Wlg 


Tryptophan TGG 


L104EG105LIg 


Leucine CTT 


L104ES25RIg 


Arginine CGG 


L104ET32GIg 


Glycine GGG 


L104ET32NIg 


Asparagine AAT 


L104EA29YIg 


Tyrosine TAT 


L104EA29LIg 


Leucine TTG 


L104EA29Tig 


Threonine ACT 


L104EA29Wig 


Tryptophan TGG 
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Farther still, the invention provides mutant molecules having three mutations m the 
extracellular domain of CTLA4. Examples include the following: 



Triple-site Mutants: 


Coddn changes: | 


L104EA29YS25KIg 


Lysine AAA 


L104EA29YS25KJg ' 


Lysine AAG 


L104EA29YS25NIg 


Asparagine AAC 


L104EA29YS25RIg 


Arginine CGG 



The invention additionally provides soluble CTLA4 mutant molecules comprising an 
extracellular domain of mutant CTLA4 and a moiety that alters the solubility, affinity and/or 
valency of the CTLA4 mutant molecule for binding CD80 and/or CD86. 

10 In accordance with a practice of the invention, the moiety can be an immunoglobulin constant 
region or portion thereof. For in vivo use, it is preferred that the immunoglobulin constant 
region does not elicit a detrimental immune response in the subject. For example, in cluneal 
protocols, it may be preferred that mutant molecules include human or monkey 
immunoglobulm constant regions. One example of a suitable immunoglobulin re g ,on .s 
15 human C(gamma)l, comprising the hinge, CH2, and CH3 regions. Other isotypes are 
possible. Further/other immunoglobulin constant regions are possible (preferably other 
weakly or non- immunogenic immunoglobulin constant regions). The Ig can have one or 
more mutations therein, e.g., in the CH2 domain, to reduce effector functions such as CDC or 
ADCC. 

In one embodiment, the soluble CTLA4 mutant molecule comprises the extracellular domain 
of CTLA4 joined to an immunoglobulin (Ig) portion, wherein the Ig has one or more 
mutations therein. The Ig portion can include the hinge, CH2, and CH3 regions which can 
mediate effector function of the soluble CTLA4 mutant molecule, such as binding to Fc 
,5 receptors, mediating complement-dependent cytotoxicity (e.g., CDC), or mediate antibody- 
dependent cell-mediated cytotoxicity (e.g., ADCC). The mutation in the immunoglobulm 



20 
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can modulate the binding capability of the immunoglobulin portion to its ligand, such as- 
1- decrease the binding capability of the immunoglobulin portion to the Fe receptors. 



increase or 



In a preferred embodiment, the soluble CTLA4 mutant molecule includes the immunoglobulin 
5 portion (e.g., hinge, CH2 and CH3 domains), where any or all of the cysteine residues, within the 
hinge domain are substituted with serine, for example, the cysteines at positions +130, +136, or 
+139 (Figure ) or 22). The mutant molecule may also include the proline at position +148 
substituted with a serine, as shown in Figure 22. 

10 hi another preferred embodiment, the soluble CTLA4 mutant molecule includes the 
immunoglobulin portion (e.g., hinge, CH2 and CH3 domains), having the leucine at position 
+144 substituted with phenylalanine, the leucine at position +145 substituted with glutamic acid, 
or glycine at position +147 substituted with alanine. 

1 5 Other moieties include polypeptide tags. Examples of suitable tags include but are not limited to 
p97 molecule, env gp!20 molecule, E7 molecule, and ova molecule (Dash, B., et al. 1994 J. 
Gen. Virol. 75:1389-97; Ikeda, T., et al. 1994 Gene 138:193-6; Falk, K., et al. 1993 Cell. 
Immunol. 150:447-52; Fujisaka, K. et al. 1994 Virology 204:789-93). Other molecules are 
possible (Gerard, C.etal. 1994 Neuroscience 62:721; Byrn,R. etal. 1989 63:4370; Smith, D. et 

20 al., 1987 Science 238:1704; Lasky, L., 1996 Science 233:209). 

Soluble CTLA4 mutant molecules can have a junction amino acid residue which is located 
between the CTLA4 portion and the immunoglobulin portion of the molecule. The junction 
amino acid can be any amino acid, including glutamine. The junction amino acid can be 
25 introduced by molecular or chemical synthesis methods known in the art. 

The present invention provides CTLA4 mutant molecules including a signal peptide sequence 
linked to the N-terminal end of the extracellular domain of the CTLA4 portion of the mutant 
molecule. The signal peptide can be any sequence that will permit secretion of the mutant 
30 molecule, including: the signal peptide from oncostatin M (Malik, et al., 1989 Molec. Cell. Biol. 
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9: 2847-2853), or CDS (Jones, N. H. et aL, 1 Nature 323 :346-349), or the signal peptide from 
any extracellular protein. 

The invention provides L104EIg (Figure 23) which is a mutant molecule including a CTLA4 
5 portion encompassing ' methionine, at position +1 through aspartic acid at position +124, a 
junction amino acid residue glutamine at position +125, and an immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that leucine at position +104 is 
substituted with glutamic acid. The hinge portion of the mutant molecule is mutated so that the 
i0 cysteines at positions +130, +136, and +139 are substituted with serine, and the proline at 
position +148 is substituted with serine. Alternatively, L104EIg can have a CTLA4 portion 
encompassing alanine at position - 1 through aspartic acid at position + 1 24. 

The invention provides L104Slg which is a mutant molecule including a CTLA4 portion 
1 5 encompassing methionine at position +1 through aspartic acid at position +124, a junction amino 
acid residue glutamine at position +125, and an immunoglobulin portion encompassing glutamic 
acid at position +126 through lysine at position +357. The portion having the extracellular 
domain of CTLA4 is mutated so that leucine at position +104 is substituted with serine. The 
hinge portion of the mutant molecule is mutated so that the cysteines at positions +130, +136, 
20 and +139 are substituted with serine, and the proline at position +148 is substituted with serine. 
Alternatively, L104SIg can have a CTLA4 portion encompassing alanine at position -1 through 
aspartic acid at position +124. 

The invention provides L104EA29YIg (Figure 24) which is a mutant molecule including a 
25 CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +1 24, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
substituted with tyrosine and leucine at position +104 is substituted with glutamic acid. The 
30 immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
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with serine. Alternatively, L104EA29YTg.can have a CTLA4 portion encompassing alanine at 
position -1 through aspartic acid at position -4-1.24. ■ 

5 The invention provides LI 04EA29LIg (Figure 25) which is a mutant molecule including a 
CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
10 substituted with leucine, and leucine at position +104 is substituted with glutamic acid. The 
immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+ 130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
with serine. Alternatively, L104EA29LIg can have a CTLA4 portion encompassing alanine at 
position -1 through aspartic acid at position +124. 

15 

The invention provides L104EA29TIg (Figure 26) which is a mutant molecule including a 
CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 

20 having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
substituted with threonine, and leucine at position +104 is substituted with glutamic acid. The 
immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+ 130, +136, and +139 are substituted-with serine, and the proline at position +148 is substituted 
j with serine. Alternatively, L104EA29TIg can have a CTLA4 portion encompassing alanine at 

25 position -1 through aspartic acid at position +124. 

The invention provides LI 04EA2 9 Wig (Figure 27) which is a mutant molecule including a 
CTLA4 portion encompassing methionine at position +1 through aspartic acid at position +124, 
a junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
30 encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that alanine at position +29 is 
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10 



15. 



substituted with tryptophan, and leucine at position +104 is substituted with glutamic acid. The 
immunoglobulin portion of the mutant molecule can be mutated, so that the cysteines at positions 
+ 130, +136, and +139 are substituted with serine, and the proline at position +148 is substituted 
with serine. Alternatively, Ll04EA29WIg can have a CTLA4 portion encompassing alanine 
at position -1 through aspartic acid at position +124. 

The invention provides L104EG105FIg which is a mutant molecule including a CTLA4 portion 
encompassing methionine at position +1 through aspartic acid at position +124, a junction amino 
acid residue glutamine at position +125, and the immunoglobulin portion encompassing glutamic 
acid at position +126 through lysine at position +357. The portion having the extracellular 
domain of CTLA4 is mutated so that leucine at position +104 is substituted with glutamic acid, 
and glycine at position +105 is substituted with phenylalanine. Alternatively, L104EG105FIg 
can have a CTLA4 portion encompassing alanine at position -1 through aspartic acid at 
position +124. 



The invention provides L104ES25RIg which is a mutant molecule including a CTLA4 portion 
encompassing methionine at position +1 through aspartic acid at position +124, a junction amino 
acid residue glutamine at position +125, and the immunoglobulin portion encompassing glutamic 
acid at position +126 through lysine at position +357. The portion having the extracellular 
20 domain of CTLA4 is mutated so that serine at position +25 is substituted with arginine, and 
leucine at position +104 is substituted with glutamic acid. Alternatively, L104ES25Rlg can 
have a CTLA4 portion encompassing alanine at position - 1 through aspartic acid at position 
+ 124: 

25 The invention provides L104EA29YS25KIg which is a mutant molecule including a CTLA4 
portion encompassing methionine at position +1 through aspartic acid at position +124, a 
junction amino acid residue glutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that serine at position +25 is substituted 

30 with lysine, alanine at position +29 is substituted with tyrosine, and leucine at position +104 is 
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substituted with glutamic acid. Alternatively, LlQ4EA29YS25KIg can have a CTLA4 portion 
encompassing alanine at position -1 through aspartic acid at position +124. 

The invention -provides Ll04EA29YS25RIg which is a mutant molecule including a CTLA4 
5 portion encompassing methionine at. position +1 through aspartic acid at position +124, a 
junction amino acid residue giutamine at position +125, and the immunoglobulin portion 
encompassing glutamic acid at position +126 through lysine at position +357. The portion 
having the extracellular domain of CTLA4 is mutated so that serine at position +25 is substituted 
with arginine; alanine at position +29 is substituted with tyrosine, and leucine at position +104 is 
10 substituted with glutamic acid. Alternatively, L104EA29YS25RIg can have a CTLA4 portion 
encompassing alanine at position -1 through aspartic acid at position +1 24. 

The invention further provides nucleic acid molecules comprising nucleotide sequences 
encoding the amino acid sequences of the soluble CTLA4 mutant molecules of the invention. In 
15 one embodiment, the nucleic acid molecule is a DNA (e.g., cDNA) or a hybrid thereof. 
Alternatively, the nucleic acid molecules are RNA or a hybrid thereof. 

Additionally, the invention provides a vector which comprises the nucleotide sequences of the 
invention. A host vector system is also provided. The host vector system comprises the vector 
20 of the invention in a suitable host cell. Examples of suitable host cells include but are not limited 
to prokaryotic and eukaryotic cells. 

The invention further provides methods for producing a protein comprising growing the host 
vector system of the invention so as to produce the protein in the host and recovering the protein 
25 so produced. 

CTLA4Ig CODON-BASED MUTAGENESIS 

In one embodiment, site-directed mutagenesis and a novel screening procedure were used to 
30 identify several mutations in the extracellular domain of CTLA4 that improve binding avidity 
for CD86, while only marginally altering binding to CD80. In this embodiment, mutations 
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were carried out in residues- in serine' 25 to arginine 33, the C' strand (alanine 49 and 
threonine 51), the F strand (lysine 93, glutamic acid 95 and leucine 96), and in methionine 97 
through tyrosine J 02, tyrosine 103 through glycine 107 and in the G strand at positions 
glutamine 11 1, tyrosine 1 13 and isoleucine 115. These sites were chosen based on studies of 
5 chimeric CD28/CTLA4 fusion proteins (J. Exp. Med., 1 994, 180:2049-2058), and on a model 
predicting which amino acid residue side chains would be solvent exposed, and a lack of 
amino acid residue identity or homology at certain positions between CD2 8 and CTLA4. 
Also, any residue which is spatially in close proximity (5 to 20 Angstrom Units) to the 
identified residues are considered part of the present invention. 

10 

To synthesize and screen soluble CTLA4 mutant molecules with altered affinities for CD86, a 
two-step strategy was adopted. The experiments entailed first generating a library of mutations 
at a specific codon of an extracellular portion of CTLA4 and then screening these by BlAcore 
analysis to identify mutants with altered reactivity to CD80 or CD86. 

15 

METHODS OF MAKING COMPOSITIONS OF THE INVENTION 

Expression of CTLA4 mutant molecules in prokaryotic cells is preferred for some purposes. 
Prokaryotes most frequently are represented by various strains of bacteria. The bacteria may be 
20 a gram positive or a gram negative. Typically, gram-negative bacteria such as E. coli are 
preferred. Other microbial strains may also be used. 

Sequences encoding CTLA4 mutant , molecules can be inserted into a vector designed for 
expressing foreign sequences in prokaryotic cells such as £. colL These vectors can include 

25 commonly used prokaryotic control sequences which are defined herein to include promoters for 
transcription initiation, optionally with an operator, along with ribosome binding site sequences, 
include such commonly used promoters as the beta-lactamase (penicillinase) and lactose (lac) 
promoter systems (Chang, et a!., 1977 Nature 198:1056), the tryptophan (trp) promoter system 
(Goeddel, et al., 1980 Nucleic Acids Res. 8:4057) and the lambda derived P L promoter and N- 

30 gene ribosome binding site (Shimatake, et al., 1981 Nature 292: 128 ). 
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Such vectors will also include origins of replication and selectable markers, such as a beta- 
jactamase or neomycin phosphotransferase gene conferring resistance to antibiotics so that the 
vectors can replicate in .bacteria and cells carrying the plasmids can be selected for when grown 
in the presence of ampicillin or kanamycin. 

■5 

The expression plasmid can be introduced into prokaryotic cells via a variety of standard 
methods, including but not limited to CaCl 2 -shock (Cohen, 1972 Proc. Natl Acad Sci. USA 
69:2 110, -and Sambrook et al. (eds.), "Molecular Cloning: A Laboratory Manual", 2nd Edition, 
Cold Spring Harbor Press, (1989)) and electroporation. 

10 

In accordance with the practice of the invention, eukaryotic cells are also suitable host cells. 
Examples of eukaryotic cells include any animal cell, whether primary or immortalized, yeast 
(e.g., Saccharomyces cerevisiae, Schizosaccharomyces pornbe, and Pichia pastoris), and plant 
cells. Myeloma, COS and CHO cells are examples of animal cells that may be used as hosts. 
1 5 Exemplary plant cells include tobacco (whole plants or tobacco callus), com, soybean, and rice 
cells. Com, soybean, and rice seeds are also acceptable. 

Sequences encoding the CTLA4 mutant molecules can be inserted into a vector designed for 
expressing foreign sequences in a eukaryotic host. The regulatory elements of the vector can 
20 vary according to the particular eukaryotic host. 

Commonly used eukaryotic control sequences include promoters and control sequences 
compatible with mammalian cells such as, for example, CMV promoter (CDM8 vector) and 
avian sarcoma virus (ASV) (rcLN vector). Other commonly used promoters include the early 
25 and late promoters from Simian Virus 40 (SV40) (Fiers, et al., 1973 Nature 273:1 13), or other 
viral promoters such as those derived from polyoma, Adenovirus 2, and bovine papilloma virus. 
An inducible promoter, such as hMTH (Karin, et ah, 1982 Nature 299:797-802) may also be 
used. 
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Vectors for expressing CTLA4 mutant molecules in eukaryotes may also .carry sequences called 
enhancer regions. These are important in optimizing gene expression and are found either 
upstream or do wnstream of the promoter region. 

5 Sequences encoding CTLA4 mutant molecules can integrate into the genome of the eukaryotic 
host cell and replicate as the host genome replicates. Alternatively, the vector carrying CTLA4 
mutant molecules can contain origins of replication allowing for extrachromosoma! replication. 

For expressing the sequences in Saccharomyces cerevis iae y iht origin of replication from the 
10 endogenous yeast plasmid, the 2\i circle could be used. (Broach, 1983 Metk Em. 101:307). 
Alternatively, sequences from the yeast genome capable of promoting autonomous replication 
could be used (see, for example, Stinchcomb et al., 1979 Nature 282:39); Tschemper et al., 1 980 
Gene 10:157; and Clarke et al., 1983 Meth. Enz. 101:300). 

15 Transcriptional control sequences for yeast vectors include promoters for the synthesis of 
glycolytic enzymes (Hess et al, 1968 J. Adv. Enzyme Reg. 7:149; Holland et al., 1978 
Biochemistry 17:4900). Additional promoters known in the art include the CNfV promoter 
provided in the CDM8 vector (Toyama and Okayama, 1990 FEBS 268:217-221); the promoter 
for 3-phosphoglycerate kinase (Hitzeman et al, 1980 1 Biol Chem, 255:2073), and those for 

20 other glycolytic enzymes. 

Other promoters are inducible because they can be regulated by environmental stimuli or the 
growth medium of the cells. These inducible promoters include those from the genes for heat 
shock proteins, alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, enzymes 
25 associated with nitrogen catabolism, and enzymes responsible for maltose and galactose 
utilization. 

Regulatory sequences may also be placed at the 3' end of the coding sequences. These sequences 
may act to stabilize messenger RNA. Such terminators are found in the 3' untranslated region 
30 following the coding sequences in several yeast-derived and mammalian genes. 
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Exemplary vectors for plants and plant cells include but are net limited to Agrobacterium TV 
piasmids, cauliflower mosaic vims (CaMV), tomato golden mosaic vims (TGMV). 

General aspects of mammalian cell host system transformations have been described by Axel 
5 (U.S. Patent No. 4,399,216 issued Aug. 16, 1983). Mammalian cells can be transformed by- 
methods including but not limited to ? transfection in the presence of calcium phosphate, 
microinjection, eleetroporation, or via transduction with viral vectors, 

Methods for introducing foreign DNA sequences into plant and yeast genomes include (1) 
10 mechanical methods, such as microinjection of DNA into single cells or protoplasts, vortexing 
cells with glass beads in the presence of DNA, or shooting DNA-coated tungsten or gold spheres 
into cells or protoplasts; (2) introducing DNA by making protoplasts permeable to 
macromolecules through polyethylene glycol treatment or subjection to high voltage electrical 
pulses (eleetroporation); or (3) the use of liposomes (containing cDNA) which fuse to 
15 protoplasts; 

Expression of CTLA4 mutant molecules can be detected by methods known in the art. For 
example, the mutant molecules can be detected by Coomassie staining SDS-PAGE gels and 
immunoblotting using antibodies that bind CTLA4. Protein recovery can be performed using 
20 standard protein purification means, e.g., affinity chromatography or ion-exchange 
chromatography, to yield substantially pure product (R. Scopes in: "Protein Purification, 
Principles and Practice", Third Edition, Springer-Verlag 1994). 

The soluble CTLA4 mutant molecule can be isolated by molecular or chemical synthesis 
25 methods. The molecular methods may include the following steps: introducing a suitable host 
cell with a nucleic acid molecule that expresses and encodes the soluble CTLA4 mutant 
molecule; culturing the host cell so introduced under conditions that permit the host cell to 
express the mutant molecules; and isolating the expressed mutant molecules. The signal peptide 
portion of the mutant molecule permits the expressed protein molecules to be secreted by the 
30 host cell. The secreted mutant molecules can undergo post-translational modification, involving , 
cleavage of the signal peptide to produce a mature protein having the CTLA4 and the 
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mallire . mu.an, m o.eCu,e having me.hion.ne a, postal as *. ^ ( 
Mtemative.v, .he cleavage may occur after .he meth.onme a, posmon -ulttng 
„ ra ,ant molecule having alanine at posita -1 as .he firs, amino acd. 

M^.n 0 Monoclonal Antibodies of the invention 
Monoclona.an^^ 

prepared using ^procedures, such as .hose induced by KoMer and Mll s t e,n (Kohie -nd 
Thesefechniques^^ 

The anima! can be primed by injection of an immunogen (e.g. a soiub.e CTIA4 mutan 
m eel) to elicit me desired immune response, i.e. production of antibodies from .he prrmed 
15 Lymphocy.es derived from .he iymph nodes, spleens or peripheral blood of pnmed, 

lid n^ .sclused.osearchforapanicu.aran.iboa, ^e «e cbromosomes 

U destred inmrunoglobulins are in—ed by fcstng .he lymphoc^ «*- 
celis generaHyu, .he presence of a fustog agent such as xylene giycoUPEG), Any of 

20 Tip,, -he ,,, S1; ,. AbW .P3^., 6 S, 5 ., Sp.O-AgH, or HLH» nryeloraa 
These myeloma lines are avaiiable from .he ATCC.Manassas, Maryland. 

The resting cells, which include the desired hybridomas, are then gw » a selective medium 
l a ll medrum, in which unused parental myeloma or lymphocyte cells eventual^ 

" W Led c, nes. The supernatant, of the hybridomas are screened for to presence of anttbod, 
isolated Clones. p .^.hninnes usina the CTLA4 mutant molecule 

of the desired specificity, e.g. by tmmunoassay tectauques ustng 

tha , has been used for —ion. Positive clones can .hen be sunned under U-mn, 
dilu ,io„ conditions, and the monoclonal ahtibod, produced can be isolated. 



30 
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Various conventional! methods- can be used for isolation and . purification • of the monoclonal 
antibodies so as to obtain them free from other proteins and contaminants. Commonly used 
methods for purifying monoclonal antibodies include ammonium sulfate precipitation, ion 
exchange chromatography, and affinity chromatography (Zola et al„ in Monoclonal Hybridoma 
5 Antibodies: Techniques and Applications , Hurell (ed.) pp. 51-52 (CRC Press, 1982)). 
Hybridomas produced according to these methods can be propagated in vitro or in vivo (in 
ascites fluid) using techniques known in the art (Fink et.al., Prog. Clin. Pathol ., 9: 121-33 (1984)). 

Generally, the individual cell line may be propagated in vitro , for example, in laboratory culture 
1 0 vessels, and the culture medium containing high concentrations of a single specific monoclonal 
antibody can be harvested by decantation, filtration, or centrifiigation. 

In addition, fragments of these antibodies containing the active binding region reactive with the 
extracellular domain of CTLA4 mutant molecule, such as Fab, F(ab*) 2 and Fv fragments may be 
15 produced. Such fragments can be produced using techniques well established in the art (e.g. 
Rousseaux et al., in Methods Enzymol ., 121:663-69, Academic Press (1986)). 

METHODS FOR USING THE COMPOSITIONS OF THE INVENTION 

20 Additionally, the invention provides methods for regulating functional CTLA4- and CD28- 
positive T cell interactions with CD80- and/or CD86-positive cells. The methods comprise 
contacting the CD80- and/or CD86-positive cells with a soluble CTLA4 mutant molecule of the 
invention thereby regulating functional CTLA4 and/or CD28 T cell interactions with CD80- 
and/or CD86-positive cells. In one embodiment of the invention, the soluble CTLA4 mutant 

25 molecule is a fusion protein that contains at least a portion of the extracellular domain of mutant 
CTLA4. In another embodiment, the soluble CTLA4 mutant molecule comprises: a first amino 
acid sequence including the extracellular domain of CTLA4 from methionine at position +1 to 
aspartic acid at position +124, including at least one mutation; and a second amino acid sequence 
including the hinge, CH2, and CH3 regions of the human immunoglobulin gamma 1 molecule 

30 (Figure 3 or 22). 
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• « K .vide- a r-e-hod for treating irnmu* V*m leases < als0 
The P«s»« invention -P' 0 "** ' "~ , ' rn , s ,„ 4 ; or C TLA4-po S itive 

refa ed to here, » t—oliferative diseases, .ed.ated * CO.S- ad. ^ 

cel , tactions W1 * CDBCCOS.pos.tive «* * one e— ^ ' — 
inhib i,ed. "Otis method comprises ****** » • ^ 
molecules of the invention to rebate T cell interacts «ft *e CD80- 



cells. 



^present invention also provides method for inhibit^ versus host disease in a subject 
^hod comprises .,n,nK«,„, to the subject .soluble CTLA4 mutant molecuie of the 



1 0 invention. 



15 



20 



P ^ i w» m A4 mutant molecules together with 

methotrexate (R. Handschumacher "Chapter 53 . Drugs use 
1264-1276). Other immunosuppressants are possible. 

CTLA4 mutant molecules mav * used to react with CBSO or 

„ mediated bv T cell interactions with the B7 antigen pus 
cells, to regu.ate immune responses »— ^ ^ ^ B ce „ 

ce„s or ^ * >«***• so rf 

other means of detection are possible. 

m.. — — — — — »' f" " 
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15 



pr od,cin« cell. The activate, of B celis ih* occurs, can cause increased expression ot B7 
rfgen L fanher CMS stimulation, leading to a state of chronic inflammation such as ,„ 
autoinunune diseases, aUograft rejection, graft versus host disease or chronic allergtc 

u er-o-uv in nreventino T cell cytokine production 
Blocking or inhibiting this reaction may be effevtrve in preventin D y 

and T/B cell proliferation and thus preventing or reversing inflammatory reactions. 

So'ubie CTLA4 mutant molecule can be a potent inhibitor of iavitro lymphocyte tactions 
requiring T and B cell interaction. This indicates the importance of interactions between the B7 
antigen and its counter-receptors, CTLA4 and/or CD28. 

The soluble CTLA4 mutant molecules are expected to exhibit inhibitory properties in_W 
Under conditions where T cell/B cell interactions are occurring as a result of contact between T 
cells and B cells, binding of introduced GTLA4 mutant molecules to react with B7 antigen 
positive cells, for example B cells, may interfere, i.e. inhibit, the T celtfB cell interactions 
resulting in regulation of immune responses. Because of this exclusively inhibitory effect, 
CTLA4 mutant molecule is expected to be useful inviyo as an inhibitor of T cell activity, over 
non-specific inhibitors such as cyclosporine and glucosteroids. 

in one embodiment, the CTLA4 mutant molecules may be introduced in a suitable 
20 pharmaceutical carrier in_yiyo, i.e. administered into a subject, e.g., a human subject, for 
treatment of pathological conditions such as immune system diseases or cancer. 

Introduction of CTLA4 mutant molecules inviyo is expected to result in interference with T cel. 
interactions with other cells, such as B cells, as a result of binding of the ligand to B7 pos.t.ve 
25 cell, The prevention of normal T cell interactions may result in decreased T cell act.vity, for 
example, decreased T cell proliferation or alter cytokine production. 

Under some circumstances, as noted above, the effect of administration of the CTLA4 mutant 
molecules mviyo is inhibitory, resulting from blocking by CTLA4 mutant molecules and CD28 
30 triggering resulting from T celVB cell contact. For example, the CTLA4 mutant molecules may 
block T cell proliferation. Introduction of the CTLA4 mutant molecules mviyo will thus 
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oro duce effect, o„ Wh T and B cell-mediated ^response, T* »v,ant rboWe. may 
■irlL^ ,o » combination with *e — „ of — s . c*. 



therapeutic reagents > 



ta an addition, embedment of the — , otner reagents, ^^-J£ 
.He CTLA4 mutan, molecules are used to regulate T cell faction, For example, an„bod,e , 

• ' ■ ,h, m.A4 mutant molecules can be screened to 
and/or antibody fragments reactive with the C1LA4 mutant 

identify those capab.e. of inhibiting the tad* of the CTLA4 mutant molecule, to CDSO 
I to react with the T cells, for example, to inhibit T cell proliferation. 
b another embodiment, the CTLA4 mutan, molecules may be 

compos capable of re g u,a„n 8 the interaction between CTLA4 and CDSO o, CDS . uc 
compounds may include small naturally occurring molecules tha, can be used to react wi* B 

CTLA4/B7 interactions. . . 

fc CD28.media.ed T cell proliferation pathway is cyclosporine-resistant, tn contrast to 

proliferation,,^ 

lf rvHHJceasefStorb Blood 68:1 19-125 0986)). uvn 
is relatively ineffective as a treatment for GVH disease (More, dio_ . ^ 

2 „ ilisUtto. mediated by T, Oocytes which 
Tbomas.taM^^ 

a,one, or m combination with immunosuppressants such as cyc.osponne, for blocking 
proliferation in GVH disease. - 

,5 Regulationofm,,^ 

nlods of the invention may thus be used to treat patho.og.ca, condttions such 

autoimmunity, transplantation, infectious diseases and neoplasia. 

n,B7.bindut g molecu.es described herein may be in a variety of dosage fonnswhich^ 
30 bu, are no, limited ,„, .iouid solutions or suspensions, tablets, pills, powder,, suppositories, 
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polymeric microcapsules or microvesicles, liposomes, and injectable or infusible solutions. The 
preferred form depends upon the mode of administration and the therapeutic application, 

The most effective mode of administration and dosage regimen for the molecules of the present 
S invention depends upon the severity and course of the disease, the subject's health and response 
to treatment and the judgment of the treating physician. Accordingly, the dosages of the 
molecules should be titrated to the individual subject. 

The ^relationship of dosages for animals of various sizes and species and humans based on 
10 mg/m 2 of surface area is described by Freireich, E.J., et al. (Quantitative Comparison of Toxicity 
of Anticancer Agents in Mouse, Rat, Hamster, Dog, Monkey and Man. Cancer Chemother, 
Rep., 50, No.4, 219-244, May 1966). 

Adjustments in the dosage regimen may be made to optimize the growth inhibiting response, 
Doses may be divided and administered on a daily basis or the dose may be reduced 
proportionally depending upon the situation. For example, several divided doses may be 
administered daily or the dose may be proportionally reduced as indicated by the specific 
therapeutic situation. 



15 



20 



25 



in accordance with the practice of the invention an effective amount for treating a subject may be 
between about 0.1 and about lOmg/kg body weight of subject. Also, the effective amount may 
be an amount between about 1 andabout lOmg/kgbody weight of subject. 

The CTLA4 mutant molecules of the invention also have in vitro clinical application. They may 
be useful in the enumeration of B7 positive cells in the diagnosis or prognosis of some conditions 
of immunodeficiency, the phenotyping of leukemias and lymphomas, and the monitoring of 
immunological change following organ transplantation. 
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10 



thev can be important 

^suppressive agents or tooU.o posilive cells compared to »M type 

ffi0 ,=cu,es having .higher ^.^"^V molecules because they are expected to 

block the priming of ant.gen speaf.c actuate 

r CTW4Ig are very high. T!,e high avidity mutfn. CTLMig 

Further, production costs for CTLA41g * ^ te used in the chn,c a. 

m0 ,ecules having higher potent ,„ acnieve similar * 

considerably lower doses than non-mutate u04EA29Y , g , could be very 

• liable CTLA4 mutant molecules, e.g., 
immunosuppression. Solubles 



1 5 cost effective 



20 



„, illustrate the present invention and to assist one of 
The following example is presented to dlustra ^ ^ ^ way „ 

otherwise limit the scope of theinvenUon. 
» AMPLE 1 

., of th e methods used to generate a nucleotide sequence 
The following provides a descr.pt.on of the me* 
encoding the CTLA41g fusion protem. 

pxtracellular domain of GTLA4 and an 
A genet, consume, encoding CM* ^ atoV e for theCO* 

^mma, domain was ^ " £££ ^ ^ clo „ed by PCR using syn*e«,c 
Th- Mtracellular domain of the & Joutjl 

, construct. The ^ ished seque nce (Dariavach et al., 

oligonucleotides corresponding to m p 



Msaa L18:l?01-1905.C198S)> 
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Because a signal *r CTLA4 was no, WWW u, » CTLA4 gene, . 

fce predicted sequence of CTL« was Med .Che signal peptide of Oncovin M (Malik « . .. 
MM and Cell. Biol. 9:2847 (1989)) in two steps using overlapping oligonucleotides. For the 

TTTCCAAGCATGGCGAGCATGGCAATGCACGTGGCCCAGCC (which encoded the C 
terminal .5 amino acids from the Oncovin M signal peptide fused to the N terminal 7 am^o 
acios of CTLA4) was used as forward primer, and 
TtTGGGCTCCTGATCAGAATCTGGGCACGGTTG (encoding amino acid residues 119-12^ 
of the amino acid sequence encoding CTLA4 receptor and containing a Bel 1 restriction enzyme 
site) as reverse prime, template for this step was cDNA synthesized from 1 micro g of total 
pjvjA from H38 cells (an HTLV H infected T cell leukemic cell line provided by Drs. Salahudin 
and Gailo, NCI, Bernese*. MD). A portion of the PGR product from the fust step was 
reamplified, using an overlapping forward primer, encoding the N terminal port.on of the 
oncostatin M signal peptide and containing a Hind rfl restriction endonuclease site, 
CTAGCCACTGAAGCTTCACCAATGGGTGTACTGCTCACACAGAGGACGCTGCTCAG 

TCTGGTCCTTGCACTC and me same reverse primer. The product of the PCR reaction was 
digested with Hind m and Bel 1 and ligated together with a Be. 1/Xba 1 cleaved cDNA fragment 
encoding me amino acid sequences correspond^ to the hinge, CH2 »d CH3 regions of IgCU 
uito me Hind ffl/Xba I cleaved expression vector, CDM8 or Hind DVU..I cleaved expression 

vector pLN. 

A schematic map of the resulting CTLA4Ig fusion construct is shown in Figure Sequences 
displayed in mis figure show the junctions between CTLA4 (upper case letters, unshaded 
5 regions) and me signal peptide, SP, of oncostatin M (dark shaded regions), and the hinge, H, of 
,gC(gamma)l (stippled regions). The amino acid in parentheses was introduced dunng 
construction. Asterisks (*> indicate cysteine to serine muMions introduced in the IgCQ hinge 
region. The immunoglobulin superfamily V-like domain present in CTL A4 is indicated, as are 
the CH2 and CH3 domains of IgC(gamma)! . 



30 



-33- 



Expression plasmids, CDM8, coding CTLA41g were .hen transfeCed in,o COS cells »*g 
MAB*XW» transfedion by modification (Linsley e> al., 1991, »IS) of the protoco, 

described by Seed and Aruffo, 1 987, supra. 

, Expression plasmid constn.Cs (pi LN or COM.) containing cDNA eroding *. amjo acid 
sequence of CTLA41g, was .ransfected by lipofecion using standard procedures >„<o dhfr CHO 
lines to obtain novel cell lines stably expressing CTLA4Ig. 

DN A encoding the amino acid sequence corresponding to CTLA4Ig has been deposited with the 
,0 ATCC under the Budapest Treaty on May 31, 1991, and has been accorded ATCC access.on 

number 68629. 

A preferred stable transfectant, expressing CTLA4.g, designated Chinese Hamster Ovary Cell 
Line CTL A4Ig-24, was made by screening B7 positive CHO <*11 lines for B7 binding .My >. 
,5 me medium using immunostaining. Transtech were maintained in DMEM supplemented 
with 10% fetal bovine serum (FBS), 0.2 r*l proline and 1 micro M methotrexate. 

The CTLA41g-24 CHO cell line has been deposited with the ATCC under the Budapest Treaty 
on May 31, 1991 and has been accorded accession number ATCC 10762. 

CTLA41g was purified by protein A chromatography from serum-free conditioned supematants 
(Figure 2) Concentrations of CTLA41g were determined assuming an extinction coefficen. a. 
780 nm of 1.6 (experimentally determined by amino acid analysis of a solution of known 
absorbance). Molecular weigh, standards (lanes 1 and 3, Figure 2) and samples (1 micro grams) 
,5 of CTLA4Ig (.anes 2 and 4) were subjeCed .o SDS-PAGE (4-12% acrylamide gradient) under 
non-reducing conditions (-DME, lanes 1 and 2) or reducing conditions (♦ beu ME, lanes 3 and 4, 
Proteins were visualized by staining with Coomassie Brilliant Blue. 

Under non-reducurg conditions, CTLA41g migrated as a M, a P proxima.ely 100,000 species, and 
30 under reducing condi.ions, as a M, approximately 50,000 species (Figure 2). Because the IgC 
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(gamm a> hinge during construction, CTLA4Ig, U* CD28, g , ,s 

dimer presumably joined through a mtive disulfide linkage. 




The fbUowmg provides a description of me methods used to generate the nucleotide sequence 
encoding the CTLA4 receptor. 

m.A4 Receptor 

To recede, DNA encoding the amino acid sequence corresponding to the Ml length human 
CTLA4 gene, cDNA encoding amino acids corresponding to a fragment of the ™smembt*ne 
ooplasm— 

anrinlds corresponding to a fia^ent from CTLA4, 6 mat corresponded to -he oncostattn 
signal peptide fused ,„ the N-terminus of CTLA4. Procedures for PGR, and cell cuUure and 
Xfections were as described above in Exampie 1 using COS cells and BEAE-dctran 

transfection. 

Because the expression of CTLA4 receptor protein in human lymphoid cells has not been 

For this purpose, the 

GCAATGCACGTGGCCCAGCCTGCTGTGGTAOTG _ 

.encoding the firs, 1 1 amino acids in the predicted coding serene*, 
; primer, and TGATGTAACATGTCTAGATC AATTGATGGGAATAAAATAAGGCTG ^ 
(homologous to the last 8 amino acids in CTLA4 and containing a Xba I site) as reverseprimer. 

of the PCR reaction were cleaved with the restriction endonucleases N co , and Xb . -d*. 
resulting 3,6 bp product was gei purified. A 340 bp Hind m/Nco , fragment fiom t e CTlAte 
0 fusion described above was also gel-purifed, and both restriction fragments were ..gated 
Hind ffi/Xba I cleaved CDM8 to form OMCTLA. 
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* III ,ah CTl A4 and the Oncovin M signal peptide, 

lb. ^ — — ^ l ° "fT" 3 and desired OMCTLM- 

* -eotide sequence of the — . ^ ^ CTLA4 Dm 

sequence (Dariavach e, a!., Bri by a base Chang ^ This threonine 

annnoacdposuionUO ofte ^^3^^- „ ssM 
u par, of a new* identified N-Wed g .ycos yl a tl on s,.e that ma> 

r it. ~ A-irir^n nrntem. 



expression of the fusion protein. 



, ^- ,„MC1061/p3E.coli ceils and colonies were screened for 
10 ^^"f^^Z*-** were confm ned b, OKA 
the appropriate plasmids. Sequences « ■ 



sequence analysis. 



EXAMPLES 



sequences encoding the B7Ig and CD281g fusion proteins. 

20 „ a(llC 0) fusion proteins B7Ig and CD28Ig were prepared as 

°^ C ^*^J m . m (1991) , incorporated by reference 
bribed by Linsiey et a. * ^ fa rcspKtive receplo r 

herein. Briefly, DNA amino acid sequences corresponding to the hinge. 

p ro ,ein(e. g .B7)was J o m ed.oDNAe„c ^^^^ 
25 cH2 and CH3regipnsof human lgCOl. Irus was 

■ ,PCR, For PGR, DNA fragments were amplified ustog primer pairs 

polymerase buffer (Stratagene, U Wfc ^ ^ synlhesiz ed from <_ 1 micro, 

30 pmoles of the indicated primers-, template (1 ng P ^ ^ ^ 

gram total RNA using random hexamer primer, as descn 
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Academic Press, pp. 21-27 (1990), incorporated by . reference herein); and Tag. polymerase 
(Stratagene). Reactions were run on a thermocycler (Perkin Elmer Corp., Norwalk, CT) for 16- 
30 cycles (a typical cycle consisted of steps of 1 min at 94 degrees C, 1-2 mm at 50 degrees L 
and 1-3 min at 72 degrees C). 

P^»d nonaction. Expression .plasmids containing cDNA encoding €D28 k (as .described' by 
Amffo and Seed, Prnc Natl. Acad. Sci. US A 84:8573 (1987)), were provided by Drs. Arufto and 
Seed (Mass General Hospital, Boston, MA). Plasmids containing cDNA encoding CDS, (as 
described by Aruffo, CeH 61:1303 (1990)), were provided by Dr. Aruffo. Plasmids containing 
0 cDNA encoding B7, (as described by Freeman et al., JjnununoL 143:2714 (1989)), were 
provided by. Dr. Freeman (Dana Farber Cancer Institute, Boston, MA). For initial attempts at 
expression of soluble forms of CD28 and B7, constructs were made (OMCD28 and OMB7) as 
described by Linsley et al., J. Exp. Med. , supra, in which stop codons were introduced upstream 
of the transmembrane domains and the native signal peptides were replaced with the signal 
5 peptide from oncostatin M (Malik et al., MoLCdlBipi 9:2847 (1989)). These were made using 
synthetic oligonucleotides for reconstruction (OMCD28) or as primers (OMB7) for PCR. 
OMCD28, is a CD28 cDNA modified for more efficient expression by replacing the signal 
peptide with the analogous region from oncostatin M. CD281g and B7Ig fusion constructs were 
made in two parts. The 5' portions were made using OMCD28 and OMB7 as templates and the 
70 oligonucleotide, CTAGCCACTGAAGCTTCACCATGGGTGTACTGCTCACAC (encodmg 
the amino acid sequence corresponding to the oncostatin M signal peptide) as a forward pnmer, 
and either TGGCATGGGCTCCTGATCAGGCTTAGAAGGTCCGGGAAA or, 
TTTGGGCTCCTGATCAGGAAAATGCTCTTGCTTGGTTGT as reverse primers, 
respectively. Products of the PCR reactions were cleaved with restriction endonucleases (Hind 
25 ffl and Bell) as sites introduced in the PCR primers and gel purified. 

The J portion of the fusion constructs corresponding to human IgCO 1 sequences was made by a 
coupled reverse transcriptase (from Avian myeloblastosis virus; Life Sciences Associates, 
Bayport, NY)-PCR reaction using RNA from a myeloma cell line producing human-mouse 
30 chimeric mAb L6 (provided by Dr. P. Fell and M. Gayle, Bristol-Myers Squibb Company, 
Pharmaceutical Research Institute, Seattle, WA) as template. The oligonucleotide, 
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/vAGCAAGAGCaTTTTCCTGATC 

CCCACCGTCCCCAGCACCTGAACTCCTG was used as forward primer,, and 
C1TCGACCAGTCTAGAAGCATCCTCGTGCGACCGCGAGAGC 

as reverse primer. Reaction products were cleaved with Bell and Xbal and gel purified. Final 
S constmcts were assembled by ligating Hindm/Bcll cleaved fragments containing CD28 or B7 
sequences together with Bcll/Xbal cleaved fragment containing IgCDl sequences into 
Hindffl/Xbal cleaved CDM8. Ligation products were transformed into MC1061/p3 E^oli cells 
and colonies were screened for the appropriate plasmids. Sequences of the resulting constructs 
were confirmed by DNA sequencing. 

10:' 

The construct encoding B7 contained DNA encoding amino acids corresponding to amino acid 
residues from approximately position 1 to approximately position 215 of the extracellular 
domain of B7. The construct encoding CD28 contained DNA encoding amino acids 
corresponding to amino acid residues from approximately position 1 to approximately position 
15 134 of the extracellular domain of CD28. 

CD5Ig was constructed in identical fashion, using 

CATTGCACAGTCAAGGTTCCATGCCCATGGGTTCTCTGGCCACCTTG as forward 
primer and ATCCACAGTGCAGTGATCATTTGGATCCTGGCATGTGAC as reverse primer. 
20 The PCR product was restriction endonuclease digested and ligated with the IgCti 1 fragment as 
described above, The resulting construct (CD5Ig) encoded a mature protein having an amino 
acid sequence containing amino acid residues from position 1 to position 347 of the sequence 
corresponding to CD5, two amino acids introduced by the construction procedure (amino acids 
DQ), followed by DNA encoding amino acids corresponding to the IgCyD 1 hinge region. 

25 

r.n r.ihur. ,nd Transfections. COS (monkey kidney cells) were transfected with expression 
plasmids expressing CD28 and B7 using a modification of the protocol of Seed and Aruffo 
HW. NatL Acad. Sci. 84:3365 (1987)), incorporated by reference herein. Cells were seeded at 
10 6 per 10 cm diameter culture dish 18-24 h before transfection. Plasmid DNA was added 
30 (approximately 1 5 micro grams/dish) in a volume of 5 mis of serum-free DMEM containing 0. 1 
mM chloroquine and 600 micro grams/ml DEAE Dextran, and cells were incubated for 3-3.5 h 
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at 37 degrees C. Transferee! cells were then briefly treated (approximately 2 min) with 10% 
dimethyl sulfox ide in PBS and incubated at 37 degrees C for 16-24 h in DMEM containing 1 0% 
FCS At 24. h after transfection, culture medium was removed and replaced with serum-free 
DMEM (6 ml/dish). Incubation was continued for 3 days at 37 degrees C, at which time the 
5 spent medium was collected and. fresh serum-free medium was added. After an additional 3 days 
at 37 degrees C, the spent medium was again collected and cells were discarded. 

CHO cells expressing CD28, CD5 or B7 were isolated as described by Linsley et al., (1991) 
supra , as follows: Briefly, stable transfectants expressing CD28, CD5, or B7, were isolated 

10 following cotransfection of dihydrofolate reductase-deficient Chinese hamster ovary (dhfr" CHO) 
cells With a mixture of the appropriate expression plasmid and the selectable marker, pSV2dhfr 
(Linsley et al., Proc. Natl. Acad. Sci. USA 87:5031 (1990)), incorporated by reference herein. 
Transfectants were then grown in increasing concentrations of methotrexate to a final level of 1 
micro M and were maintained in DMEM supplemented with 10% fetal bovine serum (FBS). 0:2 

15 mM proline and 1 micro M methotrexate. CHO lines expressing high levels of CD28 (CD28 
CHO) or B7 (B7 + CHO) were isolated by multiple rounds of fluorescence-activated cell sorting 
(FACS R ) following indirect immunostaining with mAbs 9.3 or BBA. Amplified CHO cells 
negative for surface expression of CD28 or B7 (dhfr CHO) were also isolated by FACS R from 
CD28-trarisfected populations. 

20 

Immunostaining and FACS R Analysis . Transfected CHO or COS cells or activated T cells were 
analyzed by indirect immunostaining. Before staining, CHO cells were removed from their 
culture vessels by incubation in PBS containing 1 0 mM EDTA. Cells were first incubated with 
murine mAbs 9,3 (Hansen et al., Immunogenetics 10:247 (1980)) or BB-1 (Yokochi et al., I 

25 Immunol. 128:823 (1981)), or with Ig fusion proteins (all at 10 micro grams/ml in DMEM 
containing 10% FCS) for 1-2 h at 4 °C Cells were then washed, and incubated for an additional 
0.5-2h at 4 °C with a FITC-conjugated second step reagent (goat anti-mouse Ig serum for murine 
mAbs, or goat anti-human Ig CG serum for fusion proteins (Tago, Inc., Burlingame, CA)). 
Fluorescence was analyzed on a FACS IV R cell sorter (Becton Dickinson and CO., Mountain 

30 View, CA) equipped with a four decade logarithmic amplifier. 
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^ ^..^P^ The ft* »» *W coUections of spen, serum-free 

cuLure media ft™ transfected COS cells were used as sources for the purification of .g ta« 
coteins After remova! of celluiar debris by tow speed centrifugation, medium was to a 

column (approximately 200-400 ml mediurn/m, packed bed vplume) of immobilized protein A 
(Repligen Corp., Cambridge, MA) equilibrated wiih 0.O5 M sodium citrate, pH 8.0. After 
appl.cation of the medium, the co.umn was washed with 1 M po«assium phosphate, pH 8, and 
bound protein was eluted with 0.05 M sodium citrate, pH 3. Fractions were col.ecteJ and 
unmediately neutralized by addition of 1/10 volume of 2 M Tris, pH 8. Fractions containing the 
peak of A™ absorbing material were pooled mi dialyzed against PBS before use. Extincfon 
coefficients of 2.4 and 2.8 ml/rag for CD28Ig and B71g, respectively, were deterrmned by amino 
acid analysis of solutions of known absorbance. The recover of purified CD281g and B71g 
binding activities was nearly quantitative as judged by FACS» analysis after indirect fluorescent 
staining of B7 + and CD28* CHO cells. 



F X AMPLE 4 

The following provides a description of the methods used to characterize CTLA4Ig. 

20 Characteriz ation of CTLA4IR 

To characterize the CTLA4Ig constructs, several isolates, CD28Ig, BTlg, and CDSlg, were 
prepared as described above and were Wected tato COS cel.s as described in Examples 2 and 
3 and were tested by FACS* analysis for binding of B7Ig. ta addition to the above-mentioned 
25 constats, CPM8 plasmids containing cDNAs encoding CD7 as described by Aruffo and Seed, 
(EMBO Jour. 6:33 1 3-33 1 6 (1 987)), incorporated by reference herein, were also used. 

roAbs Murine, monoclonal antibodies (mAbs) 9.3 (an.i-CD28) and 019-4 (a„.i-CD3), G3-7 
(anti-CDT), BB-1 (an.i-B7 antigen) and rat mAb 187.1 (anti-mouse kappa chain) have been 

■ t , • i : n.rfh,fi..r el al Proc Natl Acad. Sci. 84:1384-1388 (1987); Ledbetter el 
30 described previously (Ledbetter el al., rmc. nm. 

al., Blood 75:1531 (1990); Yokochi et al., supra) and were purified from ascites before use. The 
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* c ' *u vrrr Rnckville, MD, and the mAb 
j ■ • au rwT* nbtamed from the Ai^U kovkviuc, 
hybridoma producing mAb OK i S a as ooiaawu 

J as .uo purified from ascites before use: .» 409 (an,i-CD,» «. P-ded by D . * 
1 — UnWe** Pa.o AKo, CA). Punfred human-rnouse — ^ 
bngiemai., (Bristol-Myers Squibb 

(having human CD I Fc portion) was a gift of Dr. P. Fell and M. u y 

5 Pharmaceutical Research Institute, Seattle, WA). 

x • • „ rnQ r»r rHO cells were removed from 
• • ~a cAr«i R Analvsis Prior to staining, COb or tnu wi> w C . 

MESm ^ — : •• ,« m iucnTA Cells were first incubated 

their culture vessels by incubation in PBS contaunng 10 r»M EDTA. Cells 
with mAbs or Ig fusion proteu* a, ,0 micro grams/m. * DMEM contauung 10/. FB or 2 lu 
„ a, 4 degrees C. Ce,.s were then washed, and incused for an addition. 0,-2 hrs a, 4 degrees C 
with BTC-conjugated goa, anti-mouse immunoglobulin or with F1TC -c„njugated goa, ^ 
hu ma„ ,g C 0 sen.™ (bo* fro™ Tago, Burlingame. CA, When bindtag of both mAbs and 
fusi0 n proteUrs were measured in the same experiment. PiTC-conJugated an«,-mouse an a , 
human second step reagents were mixed together before use. Fluorescence on a tota, of ,0,000 
15 cells was then analyzed by FACS . 

PSrip*^^ Periphera, blooc I lymphocytes 

Separatton Med.™ ^o 

Bionetics, Kensington. MD,. Alloreactive T ells 
,„ primary mixed lymphocyte reaction (MLR). PEL were cultured a, lO'/ml treated (MM n* 
T51 LCL «W^-^W™.^ J« 
and T5, (Bristol-Myers Sauibb Co.) were mainlined in RPM. supplemented w«h 1^ 
Aft er6d ys.aHoreac.ive-b.as.-cei.swe.c^opreserved. Secondary MLR were conducted by 

,0- alloreactive blast, and I x 10« ^diafcdTSl LCL cells/well, in a volume of 0.2 ml) - WW 
containing ,0% FBS. Cellular proliferation of quadruplicate cultures was measured by uptake 
['Hl-thymidine during the last 6 hours of a 2-3 day culture. 

3„ PHA-activated T cells were prepared by Curing PBLs * I micro g/m, PHA (Wel.cc^ 
Charlotte. NO for f,ve days, and one day in medium lacking PHA. Viable cells were elected 
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b, sedimentation An** Lymphocyte Separation Medium before use: Cells were stimulated 
with mAbs or transited CHO cells for 4-6 hr at 37 degrees C, collected by centrifugal™ and 

used to prepare RNA. 

CD4 + T cells were isolated from PBLs by separating PBLs from healthy donors into T and non-T 
cells using sheep erythrocyte resetting technique and farther separating T cells by panning into 
CD4 + cells as described by Damle et al., J. Immunol 139:1501 (1987), incorporated by reference 
herein. 

B cells were also purified from peripheral blood by panning as described by Wysocki and Sato, 
Proo. Natl. Acad Sci. 75:2844 (1978), incorporated by reference herein, using anti-CD 1 9 mAb 
4G9. TO measure Th-induced Ig production, 10 6 CD4 + T cells were mixed with 10 6 CD19 + B 
cells in 1 ml of RPMI containing 10% FBS. Following culture for 6 days at 37 degrees C, 
production of human IgM was measured in the culture supernatant* using solid phase ELISA as 
described by Volkman et al., p™ Natl. Acad. Sci. USA 78:2528 (1981), incorporated by 
reference herein. 



Briefly, 96-well flat bottom microliter ELISA plates (Coming, Corning, NY) were coated with 
200 micro liter/well of sodium carbonate buffer (pH 9.6) containing 10 micro grams/ml of 
20 affmity-purified goat anti-human IgG or IgM antibody (Tago, Burlingame, CA), incubated 
overnight at 4°C, and then washed with PBS and wells were further blocked with 2% BSA in 
PBS (BSA-PBS). 

Samples to be assayed were added at appropriate dilution to these wells and incubated with 200 
25 micro liter/well of 1:1000 dilution of horseradish peroxidase (HRP>conjugated F(ab')2 fraction 
of affmity-purified goat anti-human IgG or IgM antibody (Tago). The plates were then washed, 
and 100 micro liters/well of o-phenylenediamine (Sigma Chemical Co., St. Louis, MO) solution 
(0.6 mg/ml in citrate-phosphate buffer with P H 5.5 and 0.045% hydrogen peroxide). Color 
development was stopped with 2 N sulfuric acid. Absorbance at 490 run was measured with an 
30 automated ELISA plate reader. 
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Test and control samples were ran in triplicate and the values of absorbaiice were compared to 
those obtained with known IgG or IgM standards run simultaneously with the supernatant 
samples to generate the standard curve "using which the concentrations of Ig in the culture 
supernatant were quantitated. Data are expressed as ng/ml of Ig ± SEM of either triplicate or 
quadruplicate cultures. 



Immnnnmecimtation Anal ysis and SDS PAGE . Cells were surface-labeled with and 
subjected to immunoprecipitation analysis. Briefly, PHA-activated T cells were surface-labeled 
with 125 1 using lactoperoxidase and H 2 0 2 as described by Vitetta et al., J. Exp. Med. 134:242 
10 (1971), -incorporated by reference herein, SDS^PAGE chromatography was performed on linear 
acrylamide gradients gels with stacking gels of 5% acrylamide. Gels were, stained with 
Coomassie Blue, destained, and photographed or dried and exposed to X ray film (Kodak XAR- 

5). 

15 Binding Assays . B7Ig was labeled with ,25 I to a specific activity of approximately 2 x 10 6 
cpm/pmole. Ninety-six well plastic dishes were coated for 16-24 hrs with a solution containing 
CTLA4Ig (0.5 micro g in a volume of 0.05 ml of 10 rruVI Tris, pH 8). Wells were blocked with 
binding buffer (DMEM containing 50 mM BES (Sigma Chemical Co.), pH 6.8, 0.1% BAS, and 
10% FCS) before addition of a solution (0.09 ml) containing !25 I B71g (approximately 5 x 10 5 

20 cpm) in the presence or absence of competitor. Following incubation for 2-3 hrs at 23 degrees C, 
wells were washed once with binding buffer, and four times with PBS. Bound radioactivity was 
then solubilized by addition of 0.5N NaOH, and quantified by gamma counting. 

Binding to B71g . the functional activity of the OMCTLA4 construct encoding the complete 
25 human CTLA4 DNA gene, is shown in the experiment shown in Figure 4. COS cells were 
transfected with expression plasmids CD7, OMCD28 and OMCTLA4 as described above. 
Forty-eight hours following transfection, cells were collected and incubated with medium only 
(no addition) or with mAbs 9.3, B7Ig, CD5Ig or G3-7. Cells were then washed and binding was 
detected by a mixture of FITC-conjugated goat anti-mouse Ig and FITC-conjugated goat anti- 
30 human Ig second step reagents. Transfected cells were tested for expression of the appropriate 
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celi surface makers by wai,e,t 
analysis as described above. 

, rI y, 8 . tr ansf=cted COS cells, but not to CTLA4- 
As shown in Figure 4. » .^ » V D ^ „„, conlrol CD5l g to io„ protein, 
.^cted ce,ls. ^^^^^COS^^ 

cell activation antigen, B7. Funhermo 

• • rHO cells To chamcterize the binding of 
ZSZ^T*** activity of pur^ * , ^ ^ ^ , 

^.astoid cel, lure (PM IXL) ~ with mBdium on,y (no 

a ddition)orane q uivalen.concen.ra.,onofhuma^ _ ^ foUowtag aodiuo „ of F.TC- 

,5 ofCD 51g ,CDm g o,GTLM 1 ,B ta d tag wa S ^ 
conjugated goa, anti-human ig second step reagents, 
analyzed by F ACS . 

TV7* CHO cells but not to PM LCL, a cell line which 
As shown in Figure 5, CD28Ig bound to B7 CHO . C TLA4Igbound 

Neither CD28lg nor CTLA4Ig bound to CD28 CHO 

, R7lB The apparent affmity of interaction between 
Affun^LBisS^^ . competUion btadi „g assay. Ninety- 

25 C^U-B^^ ^^^^Ja^ *-. B7.gwasradio.abe.ed 
six well plastic dishes were coated with » d , „f 4 nM .h ft, 

rnAb BB-1 or B71g. Plate-bound radroacuvtty _ , he 
m ean of duplicate dete—, rephca.es generally 
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Concentrations were calculated based on. a M r of 75,000 per binding site for mAbs and 51,000 
per binding site for B7Ig, 

As shown in Figure 6, only mAb BB-1 and unlabeled B7Ig competed significantly for i25 I-B7lg 
5 binding (half maximal effects at approximately 22 nM and approximately 175 nM, respectively). 
Neither chimeric mAb L6 3 nor mAb 9.3 competed effectively at the concentrations tested. In 
other experiments, the concentrations of mAb 9.3 used were sufficient to inhibit binding. of n 'l- 
B7Ig to immobilized CD28Ig or to cell surface expressed CD28 by > 90%. 

10 When the competition data from Figure 6 were plotted in a Scatchard representation, a 
dissociation constant, Ka, of approximately 12 nM was calculated for binding of ,25 1-B7 to 
immobilized CTLA41g (Figure 7). This value is approximately 20 fold lower than the previously 
determined Kd of binding between !25 I-B7Ig and CD28 (approximately 200 nM) (Linsley etal, 
(1991), supra) indicating that CTLA4 is a higher affinity receptor for the B7 antigen than CD28 

15 receptor. 

To identify the molecule(s) on lymphoblastoid cells which bound CTLA4Ig, l25 I-surface labeled 
cells were subjected to immunoprecipitation analysis (Figure 8). B7 + CHO and PM LCL cells 
were surface-labeled with l25 I, and extracted with a non-ionic detergent solution as described 

20 above. Aliquots of extracts containing approximately 1 .5 X 10 7 cpm in a volume of 0. 1 ml were 
subjected to immunoprecipitation analysis as described above with no addition, or 2 micro grams 
each of CD28Ig, CTLA4Ig or CD5Ig. Washed immunoprecipitates were then analyzed by SDS- 
PAGE (10-20% acrylamide gradient> under reducing conditions. The gel was then dried and 
subjected to autoradiography. The left panel of Figure 8 shows an autoradiogram obtained after 

2 5 a 1 day exposure. The right panel of Figure 8 shows an autoradiogram of the same gel after a 10 
day exposure. The autoradiogram in the center panel of Figure 8 was also exposed for 10 days. 
Positions of molecular weight standard are also indicated in this figure. 

As shown by Figure 8, a diffusely migrating (M r approximately 50,000 - 75,000; center at 
30 approximately 60,000) radiolabeled protein was immunoprecipitated by CTLA4Ig, but not by 
CD28Ig or CD5Ig. This molecule co-migrated with B7 immunoprecipitated from B7* CHO 
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cells by CTLA4Ig, and much more- weakly, by CD28Ig, These findings indicate that CTL A4Ig 
binds a single protein on lyrnphoblastoid cells which is similar in size to the B7 antigen. 

Inhibition of Immune Responses In Vitro bv CTLA4Ig 

5 

Inhibition of Proliferation . Previous studies have shown that the anti-CD28 mAb, rnAb 9.3, and 
the.anti-B7 mAb, mAb BB-1, inhibit proliferation of alloantigen specific T h cells, as well as 
immunoglobulin secretion by alloantigen-presenting B Cells (Damle, et aL Proc. Natl. Acad. 
ScL 78:5096 (1981);.Lesslauer et al., Eur. J. Immunol. 16:1289 (1986)). Because CTLA4 is a 
1 0 high affinity receptor for the B7 antigen as demonstrated herein, soluble CTLA4Ig was tested for 
its ability to inhibit these responses. The effects of CTLA4Ig on T cell proliferation were 
examined in the experiment shown in Figure 9. 

Primary mixed lymphocyte reaction (MLR) blasts were stimulated with irradiated T51 
1 5 lymphobiastoid cells (LC) in the absence or presence of concentrations of murine mAb 9.3 Fab 
fragments, or B7Ig, CD28Ig or CTLA4Ig immunoglobulin CD fusion proteins. Cellular 
proliferation was measured by [ 3 H]-thymidine incorporation after 4 days and is expressed as the 
percentage of incorporation by untreated cultures (21,000 cpm). Figure 9 shows the mean of 
quadruplicate determinations (SEM < 10%). 

20 

As shown in Figure 9, CTLA4Ig inhibited the MLR reaction in a dose-dependant fashion by a 
maximum of > 90% with a 1/2 maximal response at approximately 30 ng/ml (approximately 0.8 
nM). The Fab fragment of mAb 9.3, which previously was shown to be a more potent inhibitor 
of MLR than whole mAb 9.3 (Damle et al.. J. Immunol. 140:1753-1761 (1988)), also inhibited 
25 the MLR, but at higher concentrations (approximately 800 ng/ml or approximately 30 nM for 1 12 
maximal response). B7Ig and CD28Ig did not significantly inhibit the MLR even at higher 
concentrations. In another experiment, addition of B7Ig together with CTLA4Ig partially 
overcame the inhibition of MLR by CTLA4Ig, indicating that the inhibition was specifically due 
to interactions with B 7 antigen. 

30 
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Inhibition of Immun ogl obulin Secretion , The effects of CTLA4Ig on helper T cell (Th)- induced 
immunoglobulin "secretion were also examined (Figure 10). CD4" T cells were mixed with 
allogeneic CD.19 + B cells in the presence or absence of the indicated immunoglobulin molecules 
as described above. Murine mAbs OKT8, 9.3 and BB-1 were added at 20 micro grams/ml, and 
5 Ig fusion proteins at 10 micro grams/ml. After 6 days of culture, concentrations of human IgM 
(SEM < 5%) iii culture supernatant? were determined by enzyme ■ immunoassay (ELISA) as 
described above. IgM production by B cells cultured in the absence of CD4" T cells was 11 
ng/ml. 

! 0 As shown in Figure 10, CD4 + T cells stimulated IgM production by allogenic CD19 + B Cells (in 
the absence of CD4 + T cells, IgM levels were reduced by 93%). mAbs 9.3 and BB-1 
significantly inhibited T h -induced IgM production (63% and 65% inhibition, respectively). 
CTLA4Ig was even more effective as an inhibitor (89% inhibition) than were these mAbs. 
Inhibition by control Ig molecules, mAb OKT8 and CDS Ig, was much less (< 30% inhibition). 

15 None of these molecules significantly inhibited Ig production measured in the presence of 
Staphylococcal aureus enterotoxin B. Similar results were obtained with CD4 + T cells and B 
cells derived from other donors. These results indicate that the inhibition by CTLA4Ig is 
specific. 

20 The above data also demonstrate that the CTLA4 and CD28 receptors are functionally as well as 
structurally related. Like CD28, CTLA4 is also a receptor for the B cell activation antigen, B7. 
CTLA4Ig bound i25 I-B7 with an affinity constant, K d , of approximately 12 nM, a value some 20 
fold higher than the affinity between CD28 and B7Ig (approximately 200 nM). Thus, CTLA4 
and CD28 may be thought of as high and low affinity receptors, respectively, for the same 

25 ligand, the B7 antigen. 

The apparent affinity between CD28 and B7 is similar to the affinity reported for binding of 
soluble alloantigen to the T cell receptor of a murine T cell hybridoma (approximately 100 nM; 
Schhek et al., Cell 56:47 (1989)), and is higher affinity than interactions between CD2 and LFA3 
30 (Recny et al., J. Biol. Chem. 265:8542 (1990)), or CD4 and MHC class U molecules (Clayton et 
al., Nature 339:548 (1989)). The affinity constant, Kd, between CTLA4 and B7 is even greater, 
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and compares favorably with higher affinity mAbs (K d .2-10,000 hM; Alzari et ai., Amfe 
Lmmuna 6:555 (1988)). The K d between CTLA4 and B7 is similar to or greater than K d values 
of integrin receptors and their ligands (10-2000 nM; Hautanen et al., J, Biol. Chem. 264:1437- 
1442 (1989); Di Minno et al., Blood 61:140-148 (1983); Thiagarajan and Kelley, J. Biol. Chem. 
5 263:035-3038 (1988).). The affinity of interaction between CTLA4 and B7 is thus among the 
highest yet reported for lymphoid adhesion systems. 

These results demonstrate the first expression of a functional protein product of CTLA4 
transcripts. CTLA4Ig, a fusion construct containing the extracellular domain of CTLA4 fused to 

10 an IgCd 1 domain, forms a disulfide-linked dimer of M r approximately 50,000 subunits. Because 
no interchain disulfides would be predicted to form in the Ig portion of this fusion, it seems likely 
that cysteines from CTLA4 are involved in disulfide bond formation, The analogous CD281g 
fiision protein (Linsley et al, supra, 1991) also contains interchain disulfide linkage(s). These 
results suggest that CTLA4 receptor, like CD28 (Hansen et al., Imrnunogenetics 10:247-260 

15 (1980)), exists on the T cell surface as a disulfide linked homodimer. Although CD28 and 
CTLA4 are highly homologous proteins, they are immunologically distinct, because the anti- 
CD28 mAb, mAb 9.3, does not recognize CTLA4 (Figures 4 and 5). 

It is not known, whether CTLA4 can activate T cells by a signalling pathway analogous to CD28. 
20 The cytoplasmic domains of murine and human CTLA4 are identical (Dariavach et al., supra 
1988), suggesting that this region has important functional properties. The cytoplasmic domains 
of CD28 and CTLA4 also share homology, although it is unclear if this is sufficient to impart 
similar signaling properties to the two molecules. 

25 CTLA4Ig is a potent inhibitor of in vitro lymphocyte functions requiring T cell and B cell 
collaboration (Figures 9 and 10). These findings, together with previous studies, indicate the 
fundamental importance of interactions between B7 antigen and its counter-receptors, CD28 
and/or CTLA4, in regulating both T and B lymphocyte responses. CTLA41g should be a useful 
reagent for future investigations on the role of these interactions during immune responses. 
30 CTLA4Ig is a more potent inhibitor of in vitro lymphocyte responses than either mAb BB- 1 or 
mAb 9.3 (Figures 9 and 10). The greater potency of CTLA4Ig over mAb BB-1 is most likely 
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due to the difference in affinities for B7 between these molecules (Figure 6). CTLA4Ig is also 
more potent than mAb 93, probably because, unlike the mAb,' it does not also have direct 
stimulatory effects on T cell proliferation (June et al", Immunology Today 11:211 (1989)) to 
counteract its inhibitory effects. The immunosuppressive effects of CTLA4Ig in vitro suggest 
5 that future investigations are warranted into possible therapeutic effects of this molecule for 
treatment of autoimmune disorders involving aberrant T cell activation or Ig production. 

As will be apparent to those skilled in the art to which the invention pertains, the present 
invention may be embodied in forms other than those specifically disclosed above without 
10 departing from the spirit or essential characteristics of the invention: The particular 
embodiments of the invention described above, are, therefore, to be considered as illustrative and 
not restrictive. The scope of the present invention is as set forth in the appended claims rather 
than being limited to the examples contained in the foregoing description. 

15 EXAMPLE 5 

The following provides a description of the methods used to inhibit graft versus host disease 
in mice receiving human islet grafts. 

20 

Female BALB/c (H-2 d ) and C57BL/6 (H-2 d )mice, 6 to 8 wk. of age were obtained from The 
Jackson Laboratory (Bar Harbor, ME). 

Human pancreatic islets cells were purified after collagenase digestion as described (C. Ricordi 
25 et al. Transplantation 52:519 (1991); A. G. Tzakis et al. Lancet 336:402 (1990); C. Ricordi, P. E. 
Lacy, E. H. Finke, B. J. Olack, D. W. Scharp, Diabetes 37:413 (1988)). 

B6 or BIO mice, treated with streptozocin (175 mg per kilogram of body weight) 3 to 5 days 
before transplant and exhibiting nonfasting plasma glucose levels of greater than 280 mg''dl (with 
30 the majority over 300 mg/ml), were used as recipients. 
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a , Transportation 53:277 ; ( ,992» Treatment was «— inunediate.y after 

, Control anirna.s were treated with PBS (solid Hnes) or L6 (deed toes) a, 50 microhms ^ 
Ir da, for 14 days tuunediately after translation (Figure UA> L6 „ a human *G, 
"m.. >— , were — rented when gh*ose levels were - 
250 mg/dl for *ree consecutive days. Animals treated with PBS 14) and L6 (n 8) 
mean graft survivals of 5.6 and 6.4 days, respectively. 

10 we, t^d with 10 micro grams '.of CTLA4Ig for.' 14 consecutive days i— 

after transplant (n- 7) (Figure 11B). Tb«6**.^^.«^ te ^ * 

days. The remaining four animals had a mean graft survival of 12.75 days. 

-fPTT AAioeverv other day for 14 days immediately 
IS Animals were treated with 50 micro grams of CTLA41g every other y 

no AU animals (n = 12) treated with this dose 
after human islet transplantation (Figure 11C). All animals ^n ; 

, ' • /c- un Selected mice were nephrectomizea on 
maintained grafts throughout the analysts (Figure 1 1C). Selected miCv 

days 21 and 29 after the transplant to assess the graft's function (Figure 1 1C) V 

20 Histology was performed on Honeys transplanted with human isle, cells (Figures ,2 A. B.C. 
D). The slides were analyzed blindly. 

Hematoxyiin and eosin suining of a control human isle, grafted mouse 29 days after 

^u^^.^^^^ ,2A) d 

25 fo, insulin, showed no detectable insulin production (Figure. 12B). 

Histological examination of tissue from a Cheated mouse 2. days after transit 
sh0 wed mtac, is,e. under.the Kdney caps.e wim very few lymphocytes mfi,.^ 
^planted tissue (Figure .2C). Tne tissue was stained with hematoxyltn and eostn. Th,sm- 

, h e grafted ts.ets (Figure ,2D). Simitar results were observed in graft trssue exammed a, 
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time points, The upper, middle, and lower arrowheads identify the . kidney capsule, islet 
transplant, and kidney parenchyma, respectively. 

in the histopathoiogy assay all tissues were fixed in 10% buffered formalin and processed, and 5- 
5 micro meter sections were stained either with hematoxylin and eosin or for insulin with the 
avidin-biotih-peroxidase method (S. M. Hsu, L. Raine, H. Fanger, J. Histochem, Cytochem, 
29:577(1981)). Magnification was x 122. 

In Figure 13 streptozotocin-treated animals were transplanted as described hereinabove for 
10 Figure 11. The mice were treated either with PBS (dotted lines) or with MAb to human B7 
(solid lines) at a dose of 50 micro grams every other day for 14 days (Figure 13). Control 
animals (treated with PBS) (n = 3) had a mean graft survival of 3.5 days, whereas anti-B7-treated 
animals (n = 5) maintained grafts from 9 to >50 days (Figure 13). 

15 In Figure 14 normal glycemic, CTLA4Ig-treated, transplanted mice (dotted lines) were 
nephrectomized on day 44 after transplant and immediately retransplanted with either 1 000 first 
party donor islets (dotted lines, solid circles) or 1000 second party islets (dotted lines, open 
circles) beneath the remaining kidney capsule. 

20 These islets, frozen at the time of the first transplant, were thawed and cultured for 3 days before 
transplant to ensure islet function. B10 mice that had been treated with streptozotocin and 
exhibited nonfasting glucose levels of greater than 280 mg/dl were used as controls (solid lines) 
(Figure 14). No treatment was given after transplantation. 

25 Control animals rejected both the first party (solid lines, closed circles) and the second party 
(solid lines, open circles) islet grafts by day 4 after transplant (Figure 14). The CTLA41g-treated 
mice retransplanted with second party islets had a mean graft survival of 4.5 days, whereas 
animals retransplanted with first party donor islets maintained grafts for as long as analyzed (>80 
days) (Figure 14). 

30 
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C57BU6 OA or C57BU,0 (B.O, -nice were treated with strep.ozo.octa » eHmina,e mouse 
, ZcreaUc is.e, B ce„ funcio. Diabetic animais were ^ -er *e ««y 

^en. was started — - S^ofthe^^swas— d by 

the analysis of blood glucose concentrations. 

Transp-amed con.ro, animaU, treated with either phospha,e*u ff ered saiine (PBS* - M) or L6 
(Figure HA). 

„ contrast, is,e. rejection .as delayed in anima,s treated with CTLA4Ig (>0 micro , grams^ 
day for 14 days), with four ou, of the seven a»ima,s exhibit^ moderate., proionged mean gr ft 

>80 days (Figure UB). TTtis even.ua, increase in. giucose concentration maybe 
exhaustion because no evidence ofac«ivece,lu,ar rejection was observed. 

to the three mice that maintained ,on g ,erm ,s,et grafts, the .ransien. increase to g,ucose 

» co„ce„.r,ions around day, 

episode consistent with the pharmacokinetics of CTLA4, g Cearance after therapy (P. S. Unsley 

eta,., Science 257:792 (1992)). 

m subsecuen, experiments. the dose of CTLA41g was inched .0 SO micro ^rams per anirr,, 
25 eve. Cher day for abo, ,4 days. This treatment rested in ,00* of the -m, s n— g 
norma, is,e, function throughout the experiment w,th no signs of a rejection ens* (F,gu,e 1 ,C). 

to order to confirm that insuhn production originated from the .ransp,an,ed isias and no. from 

30 is,e, grafts (Figure „C). m these an,ma,s, glucose concentrations tncreased to above 3,0 mg>d 
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glucose levels, It appeal's that the blocking of the CD28-B7 interaction inhibits xenogenic islet 
graft rejection. 

The effects of treatment with the soluble receptor, namely CTLAIg fusion protein, were not a 
5 result of Fc binding (L6 did not effect graft rejection) or general effects on T cell or B cell 
ftinction in vivo. 

Histological analyses of islet xenograft from control (PBS treated) and CTLA4Ig treated mice 
were done (Figures 12A, 12B, 12C, 12D). The islet tissue from the control animal demonstrated 
10 evidence of immune rejection, with a marked lymphocytic infiltrate into the graft and few 
remaining islets (Figure 12 A). 

Immunohistochemical staining showed that insulin-positive cells were present only rarely, and 
no somatostatin-positive cells were present at all (Figure 12B). In contrast, transplant tissue from 
15 the CTLA4Ig-treated mice was devoid of any lymphocytic infiltrate (Figure 1 2C). 

The grafts were intact, with many islets visible. In addition, the B cells observed in the human 
islet tissue produced human insulin (Figure 12D) and somatostatin. 

20 The human CTLA4Ig used in this study reacts with both murine and human B7. One advantage 
of the xenogeneic transplant model is the availability of a MAb to human B7 that does not react 
with mouse B7 (T. Yokochi, R. D. Holly, E. A. Clark, J. Immunol. 128:823 (1982)). Thus, the 
role of human B7-bearing antigen-presenting cells (APCs) could be directly examined. 

25 The mice were transplanted as described and then treated with 50 micro grams of MAb to human 
B7 every other day for 14 days after transplant. This treatment prolonged graft survival in 
treated mice (9 to >50 days) in comparison to that for control mice (Figure 13). The anti-B7 
MAb is unable to block rejection as effectively as CTLA4Ig. 

30 The CTLA4Ig therapy resulted in graft acceptance in the majority of mice. However, the 
animals may not be tolerant. Transient immunosuppression can lead to permanent islet graft 
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acceptance because of graft adaptation (the loss of Immunogenicity.as a result ofthe loss of APC 
function) (L. Hao, Y. Wang, R. G. Gill, K. J. Lafferty, J. Immunol 139:4022 (1987); K. J. 
Lafferty, S. J. Prowse, M. Simeonovic, Annu. Rev. Immunol. 1: 143 (1983)). 

In order to. differentiate between these possibilities, we nephrectomized selected xenografted, 
CTLA4Ig-treated mice (day 40) and retransplanted them under the remaining kidney capsule 
with either the original donor islets (first party) or .unrelated second party human islets (Figure 
14). 

Streptozotocin-treated control animals, having never received an islet graft, were also 
transplanted with either first or second party islets. No treatment after the transplant was given. 
Control animals rejected the first and second party islets by day 4. The CTLA4Ig-treated 
animals that had received the second party islets rejected these islets by day 5, whereas animals 
receiving first party donor islets maintained the grafts for >80 days (Figure 14). 

These results suggest that the CTLA4Ig treatment resulted in prolonged donor-specific 
unresponsiveness to the xenogeneic islets. The ability of the murine immune response to 
distinguish differences among the human islet donors also supports the direct recognition of the 
polymorphic MHC products expressed on the human islet cells. 



EXAMPLE 6 

The following provides a description of the methods used to induce a highly specific immune 
25 response in an animal subject. 

Female BALB/c (H-2 d ) and C57BL/6 (H-2 d )mice, 6 to 8 wk. of age were obtained from The 
Jackson Laboratory (Bar Harbor, ME). 
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. • n A/Ohata T and W. E. Paul, 1985, 
Monoclonal 1 IB II is a - I g O! an.« ^ ^ ^ ^ 

Production of a monoclonal antibody to and mo^cmar .haractcn^un 
factor- 1 . Nature 315:333) (Verax (Lebanon, NH)). 

BALB/c mice ( f,e per ^p) _ —V wi* «BC a,one or ^ 
wiln 200 micm grams chimerre L6 mAb - tan- COA4* fuston prote,, — 
groups we,, treated 2 tai prior » of SRBCs by Wrap— tntectton f 

either - — globuim or ra, anti-murine M mAb 1 1B1 1 5 Treatment 
chimeric L6 mAb or CTLA41g was repeated daily for 4 additional days. 

A „ animals were ^ven intravenous injections of SRBCs (Figure ,5) or KLH ^ ^ 

4 , Specifically,^ K^^^^"^'?^^ 

SKBC a, day 0 and day 46. The open circle represents mice ***** onl y S ^C 
^ 46. The rematning mice represented in Figure ,5 were further admtntstered w,,h SKBC a, 
aay 46. In contrast, in Figure 16, the mice were admirustered with a different immunogen. K!H. 

at day 46 only. 

Serum concentrations of mice measured as having antibodies directed against SRBCs or KLH 
were determined by ELISA as described (Linsley et al., Science 1992). 

pe, group, while serum antibody titer values from Figure 16 represents mean trters of 
individual sera. Arrows indicate an SRBC or KLH injection at day 46. 

" Figures 15 and .6 show that the immunological response in mice injected concurrent* with both 
CTLA4Ig and an.i-IL4 (open triangle) is suppressed in an antigen-spec.fic manner. 

Figure , 5 shows that there is no rise in serum antibody titer (U. no prima* or seco^ 
with SRBC a, day 0 and day 46. The combination of CTLA4, S turd «*4U suppresses 
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primary and secondary- immune response and' induces long, lasting immunological non- 
responsiveness to SRBC. 

Additionally, Figure 15 shows that there is no primary immunological response in mice injected 
5 concurrently with CTLA4Ig and the control rat Ig (Cappel, Organontecknika, Palo Alto, CA). 
However, these mice exhibit a secondary immunological response after injection with SRBC at 
day 46 (closed triangle, Figure 15). 

Figure 16 shows that administration of CTLA4Ig and anti-IL4, followed by a different 
10 immunogen, KLH, at day 46 in mice does not suppress a primary immune response to KLH in 
mice. Instead, these mice exhibited a primary immune response to KLH (open triangle, Figure 
16). Thus, mice treated with CTLA4Ig and anti-IL4 exhibited a highly specific immune 
response depending on the antigen administered therein. 

15 EXAMPLE 7 

The following provides a description of the methods used to determine the regions within 
CTLA4 which are required for binding B7-1 (e.g., CD80), using CTLA4/CD28 chimeric 
molecules. 



20 



The regions in CTLA4Ig which are required for its high avidity binding to B7-1 have been 
identified by site-specific and homolog mutagenesis. The following is a description of how to 
make soluble CTLA4/CD28 hybrid fusion proteins which bind B7. 



25 MATERIALS AND METHODS 



Monoclonal antibodies (mAbs). Murine mAb's specific for CTLA4 were prepared and 
characterized as previously described (Linsley et al. J. Ex. Med., (1992) 176:1595-1604). 
Antibody 9.3 (anti-CD28) has been described previously ((Hansen et al., Immunogenetics 
30 10:247-260(1980)). 
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Cell Culture The preparation of stably transacted B7- 1 positive CHO cells has been previously 
described (Linsiey et al., in J. Exp. Med. 173:721-730 (1991); P. S, Linsley et al, J. Exp. Med. 
174:561 (1991)). 

5 Cells were maintained in DMEM supplemented with 10% fetal bovine serum (FBS), 0.2mM 
proline, and Imicro M methotrexate. COS cells were grown in DMEM supplemented with 10% 
FBS. CTLA41g was prepared in CHO cells as previously described (Example 1 ). 

C TLA4Ig and CD28Ig site-directed mutant expression plasmids. Site-directed mutagenesis was 
performed on a vector encoding soluble chimeric form of CTLA4 (CTLA41g) in which the 
extracellular domain of CTLA4 was genetically fused to the hinge and constant regions of a 
human IgG heavy chain (Example 1). CTLA4Ig site-directed mutants were prepared by 
encoding the desired mutation in overlapping oligonucleotide primers and generating the mutants 
by PCR (Ho et al., 1989, supra.) using the CTLA4Ig plasmid construct as a template. 



10 



15 



Six mutants were prepared which encoded substitutions to alanine in the highly conserved 
hexapeptide 97MYPPPY102 forming part of the putative CDR3-like domain (Figures 17 and 22) 
(Hoetal., 1989, supra.). 

20 In addition, two mutants encoding the residues P103A and Y104A (MYPPAY and MYPPPA, 
respectively) from the CD28Ig 99MYPPPY104 hexapeptide using CD28Ig as a template were 
also prepared by the same method. 

Primers required for PCR reactions but not for introducing mutations included (1) a CDM8 
25 forward (CDM8FP) primer encoding a complementary sequence upstream of the Hindffl 
restriction site at the 5' end of the CDM8 stuffer region, and (2) a reverse primer (CDM8RP) 
encoding a complementary sequence downstream of the Xbal site at the 3' end of the CDM8 
stuffer region. 

30 These primers encoded the following sequences: 

CDM8FP : 5'AATACGACTC ACTATAGG 
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CPM8RP:5'-CACCACACTGTATTAACC 

PGR conditions consisted of 6 min at 94 degrees C followed by 25 cycles of 1 min at 94 degrees 
C, 2 min at 55 degrees C and 3 min at 72 degrees C. Taq polymerase and reaction conditions 
5 were used as suggested by the vendor (Perkin Elmer Cetus, Emeryville, CA). PCR products 
were digested with Hindffl and Xbal and iigated to Hmdffl/Xbal-cut CDM8 expression vector. 

To confirm that the desired mutations had been inserted and to verity the absence of secondary 
mutations, each CTLA4Ig mutant fusion protein (an example of a soluble CTLA4 mutant fusion 
10 protein) was sequenced by the dideoxy chain termination/extension reaction with Sequenase 
reagents used according to the manufacturers recommendations (United States Biochemical 
Corp., Cleveland, OH). 

Plasmids were transfected into COS cells (Aruffo et al., CeU 61:1303 (1990)) and the 
15 conditioned media was used as a source for the resulting Ig mutant fusion proteins. 

CTLA4/CD28Ig hybrid expression plasmids. CTLA4/CD28Ig hybrid plasmids encoding the 
constructs HS2, HS4, HS4-A, HS4-B, and HS5 (Figure 19) were prepared by PCR using 
overlapping oligonucleotide primers designed to introduce CTLA4 sequences into CD28Ig. 
20 while, at the same time, deleting the equivalent region from CD28. The same CDM8 forward 
and reverse PCR primers described above were also used. 

Each cDNA construct was genetically, linked to cDNA encoding the hinge and constant regions 
of a human IgGl in order to make soluble chimeras: 

25 

A HS6 hybrid was prepared in a similar manner to that described above except that the CDR1 - 
like region in CTLA4Ig was replaced with the equivalent region from CD28Ig. 

HS7, HS8, and HS9 constructs were prepared by replacing a Q350 base-pair Hindffl/Hpal 5' 
30 fragment of HS4, HS4-A, and HS4-B, respectively, with the equivalent cDNA fragment 
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similarly digested ,:,„ HS5 thus introducing the ODRl-like loo,, of CTLA4 into those hybrids 
already containing the CTLA4 CDR3-like region. 

HSIMBH constructs are domain homolog mutants which were prepared by introducing the 
CDR2-like loop of CTLA41g into previously constructed homolog mutants. This was done by 
overlapping PCR mutagenesis whereby primers were designed to introduce CTLA4 CDR2-like 
sequences into homolog templates while at the same time deleting the equivalent CD28 CDR2- 

like region from the molecule. 

Accordingly * HS4 served as a template to make HS10; HS7 served as a template to make HS1 1 ; 
HS4-A served as a template to make HS12; and HS8 served as a template to make HS13 (Figure 
19). The CDM8 primers described above were also used in these constructions. 

The HS14 hybrid construct was prepared by replacing the CDR2-Hke loop of CD28 with the 
15 equivalent loop from CTLA4Ig (Figure 19). 

Oligonucleotide primers designed to introduce these changes were used in overlapping PCR 
mutagenesis identical to that described for other mutants. 

20 PCR reactions and subcloning mto CDM8 were performed as described above. Again all 
mutants were sequenced by the dideoxy chain termination/extension reaction. 

Plasmids encoding each of the mutants were transfected into COS cells and the resulting soluble 
Ig fusion proteins were quantitated in culture media and visualized by Western blot as descnbed 

25 in following sections. 

were quantitated in an enzyme immunoassay by determining the amount of Ig present in serum- 
free COS cell culture media. 

30 
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„ , . f , hanti!ly VA) were coated «'■'» 0 5 micro g/ml 
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for lh at 22 degrees C. Known concentrations of CTLA41g 
each plate for a standard curve. 
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10 After washing, horseradish peroxrdase t HW «M • « ^ ^ ^ 

BurUngarne, CA, dUuted H.,000 W added and -^^f subst ^ (Ge „e^ 
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was measured at dual wavelengths of 450 and 

15 Systems). 

of known concentrations of CTLA4Ig. 

, ,> rTLA4/CD28Ig hybrid fusion proteins present 
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Nitrocellulose membranes were then blocked w«n 
dry milk powder. 
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30 lXeSarwl--danddeve to H-S — ■ 



60 




B7 positive CHO ceil enzyme immunoassay. The ability of CTLA4Ig .mutant -fusion proteins, 
and GTLA4/CD28Ig hybrid fusion proteins to bind B7-1 stably expressed on CHO ceils was 
determined by an enzyme immunoassay, 

s 

,J 

Round bottom tissue culture treated 96 well microliter plates (Corning, Corning, MY) were 
seeded with B7-1 positive CHO cells at 10 3 cells/well. Two days later the confluent cells were 
fixed in 95% ethanol for 1 5 min. 

10 After washing with PBS-Tw, mutant Ig fusion proteins were added at various concentrations and 
incubated for lh at 4 degrees C. After washing, HRP-conjugated goat anti-human IgG (Tago) 
diluted 1 : 1 0,000 was added and incubated for 1 h at 22 degrees C 

Wells were then washed and TMB substrate added as above and allowed to react for 30 min 
15 before stopping the reaction with IN H2SO4. Absorbance of the wells was measured at 450 nm. 

CD28Ig site-directed mutant fusion protein binding assay. Site-directed mutant fusion proteins 
of CD28Ig were assayed for their ability to bind to B7- 1 by an indirect enzyme immunoassay. 

20 Wells of ELISA plates were coated with a chimeric fusion protein containing the extracellular 
domain of human B7-1 fused to a mouse IgGl Fc region, at 5 micro grams/ml for 16h at 4 
degrees C. Wells were blocked for lh With specimen diluent (Genetic Systems) then washed 
with PBS-Tw. COS cell culture media containing known concentrations of mutant fusion 
protein was added at various concentrations and incubated for lh at 22 degrees C. 

25 

Known concentrations of CD28Ig were also added to separate wells on each plate. After 
washing, HRP-conjugated goat anti-human IgG (Tago) diluted 1:10,000 was added and 
incubated for lh at 22 degrees C. TMB substrate was added and optical densities read as 
described for quantitation of Ig fusion proteins in culture media. 

30 
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rriAb binding to Ig fusion proteins. The ability of anti-CTLA4 mAb's and the anti-CD28 mAb 
9.3 to bind CTLA4/CD28Ig hybrid fusion proteins and CTL A 4Ig mutant fusidn proteins was 
assessed by an enzyme immunoassay. 

5 Wells of microtiter plates (Immulon 2) were coated with 0.5 micro grams/ml of goat anti-human 
IgG (Jackson) for 16-24h at 4 degrees C. Plates were blocked for Ih with, specimen diluent 
(Genetic Systems), washed with PBS-Tw, then incubated with the Ig fusion proteins for Ih at 22 
degrees C. After washing, wells were incubated with mAb at 1 micro grams/ml for lh at 22 
degrees C. 

10 \ 

After further washing, HRP-conjugated goat anti-mouse Ig (Tago) diluted 1:10,000 was added 
and incubated for lh at 22 degrees C. TMB substrate was added and optical density measured as 
described above. 

1 5 CTLA4 molecular model An approximate three-dimensional model of the CTLA4 extracellular 
domain was generated based on the conservation of consensus residues of IGSF variable-like 
domains. 

Using such IGSF consensus residues as "anchor points" for sequence alignments, CTLA4 
20 residues were assigned to the A, B, C, C, C", D, E, F, G strands of an Ig variable fold 
(Williams/Barclay, 1988, supra.) and the connecting loop regions (Figure 21). 

The CTLA4 model was built (Insightn, Discover, Molecular Modeling and Mechanics 
Programs, respectively, Biosym Technologies, Inc., San Diego) using the variable heavy chain of 
25 HyHEL-5 (Sheriff et al., 1987 PNAS 84:8075-8079) as template structure. Side-chain 
replacements and loop conformations were approximated using conformational searching 
(Bruccoleri et al., 1988 335:564-568). 

Several versions of the model with modified assignments of some residues to D-strands or loops 
30 were tested using 3D-profile analysis (Luthy et al., 1992, Nature 336:83-85) in order to improve 
the initial alignment of the CTLA4 extracellular region sequence with an IGSF variable fold. 



-62- 




RESULTS 

Construction and binding activity of CTLA4Ig and CD28Ig mutant fusion proteins. A sequence 
5 alignment of various homologues of CD28 and CTLA4 is demonstrated in Figure 17. In Figure 
17, sequences of human (H), mouse (M), rat (R), and chicken (Ch) CD28 are aligned with 
human and mouse CTLA4. Residues are numbered from the mature protein N-terminus with the 
signal peptides and transmembrane domains underlined and the CDR-analogous regions noted. 
Dark shaded areas highlight complete conservation of residues while light shaded areas highlight 
10 conservative amino acid substitutions in all family members. 

Regions of sequence conservation are scattered throughout the extracellular domains of these 
proteins with the most rigorous conservation seen in the hexapeptide MYPPPY motif located in 
the CDR3-like loop of both CTLA4 and CD28 (Figure 17). This suggests a probable role for 
1 5 this region in the interaction with a B7 antigen, e.g., B7-1 and B7-2. 

To test this possibility/site-directed alanine scanning mutations were introduced into this region 
of CTLA4Ig using PCR oligonucleotide primer-directed mutagenesis thereby resulting in 
CTLA4Ig mutant fusion proteins. Similarly two alanine mutations were introduced into the 
20 CD28Ig MYPPPY motif thereby resulting in CD28Ig mutant fusion proteins. 

All cDNA constructs were sequenced to confirm the desired mutations before transfection into 
COS cells. The concentrations of mutant Ig fusion proteins in serum-free COS cell culture 
media were determined by an Ig quantitation assay. 

25 

The ability of each CTLA4Ig mutant fusion protein to bind to B7-1 expressed on stably 
transfected CHO cells was then determined by an indirect cell binding immunoassay. Binding of 
CD28Ig mutant fusion proteins to B7-1 was assessed by an indirect enzyme immunoassay. Each 
of these assays are described in Materials and Methods. 

30 
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Mutagenesis of each residue of the CTLA4Ig MYPPPY motif to alanine had a profound effect 
on binding to B7-1 as shown in Figure 18. Figure 18 shows that mutations in the MYPPPY 
motif of CTLA4Ig and CD28Ig disrupt binding to B7-1 . Site-directed mutant Ig fusion proteins 
were produced in transiently transfected COS cells, quantitated and tested for their ability to bind 
5 toB7-l. 

in Figure 18 fusion protein quantitations were repeated at least twice with replicate 
determinations. Specifically, Figure 1 8 shows that CTLA4Ig mutants bind to stably transfected, 
ethanol-fixed B7-.1+ CHO cells grown to confluency in ELISA tissue culture plates. Binding 
10 data is expressed as the average of duplicate wells and is representative of at least two 
experiments. 

Y98A and P100A mutants bound to B7-1 but with considerably reduced ability relative to wild- 
type CTLA4Ig. In contrast, the mutants M97A, P99A, P101A and Y 102 A showed an almost 
15 complete loss of binding. Furthermore, the CD28Ig MYPPPY mutants PI 03 A and Y104A did 
not display detectable binding to B7- 1 immobilized on wells of ELISA plates. 

B7-1 transfected CHO cells which were incubated with CTLA4Ig mutant fusion protein, labeled 
with anti-human FITC, and assayed using a FACSCAN showed equivalent results. These results 
20 clearly demonstrate a critical role for the MYPPPY motif in both CTLA4Ig and CD28Ig binding 
to B7-L 

Characterization of CTLA4/CD28Ig .hybrid fusion proteins. Since the MYPPPY motif is 
common to both CTLA4Ig and CD28Ig, it alone cannot account for the observed differences in 
25 binding to B7-1 seen with CTLA4Ig and CD28Ig. The contribution of less well conserved 
residues to high avidity binding B7-1 was assessed using a series of homolog mutants. 

The three CDR-like regions of CD28 were replaced in various combinations with the equivalent 
regions from the CTLA4 extracellular domain (Figure 19). Figure 19 is a map of 
30 CTLA4/CD28Ig mutant fusion proteins showing % binding activity to B7- 1+ CHO cells relative 
to CTLA4-Ig. Conserved cysteine residues (C) are shown at positions 21, 92 and 120 
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respectively (CTLA4 numbering). Also shown is the position of the MYPPPY motif. Open 
areas represent CD28 sequence; filled areas represent "CTLA4 sequence; cross-hatched areas 
represent beginning of IgGFc. . 

5 Percent binding, activities were determined by comparing binding. curves (Figure 20 A and B) 
relative to CTLA4-Ig and finding the concentration of a mutant required to give the same O.D. as 
that found for CTLA4-Ig. The ratio of mutant protein to CTLA4-Ig concentration at a particular 
O.D. was then expressed as % binding activity. At least two A450 readings were taken from the 
linear part of the CTLA4-Ig binding curve and the average % binding activity determined; 

10 

A total of 14 hybrid cDNA constructs were prepared, sequenced, and transfected into COS cells. 
Concentrations of Ig fusion proteins in serum-free culture media were determined and their 
electrophoretic mobility compared by SDS-PAGE including Western blotting analysis. 

15 Under reducing conditions each chimeric protein migrated with a relative molecular mass 
ranging between that of CTLA4Ig (Mr-50kDa) and CD281g (Mr-70kDa) depending on the size 
of the exchanged region. 

Under non-reducing conditions the proteins migrated primarily between 100-140kDa indicating 
20 that these fusion proteins existed as disulfide-linked dimers despite mutagenesis of the cysteine 
residues in the hinge region of the Fc. 

Since four of the five conserved cysteine residues in CTLA4 and CD28 are thought to be 
involved in intrachain disulfide bonds, dimerization of the fusion proteins was therefore most 
25 likely attributable to the fifth conserved cysteine residue at position 120 in CTLA4 (position 123 
in CD28). 

Binding of CTLA4/CD28Ig hybrid fusion proteins to B7-L The hybrid fusion proteins were 
tested for their ability to bind to B7-1 by the same indirect cell binding immunoassay used to 
30 assay the site-specific CTLA4Ig and CD28Ig mutant fusion proteins. 
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. t« the CTLA4Ig sequence except that it contains the CDR1- 
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30 wild type binding. 
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On the other hand, addition of the CTLA4 CDR2* ,oop into HS4-A <HS12) did no, increase 
binding relative to HS4-A; neither did addition of a« three CTLA4 CDR-.ike regions ,HM3. 

Figure 19). 

5 mother hybrid cailed HS4-B, encoded the CD2g CDRMike region including the MYPPPV 
motif followed by CTLA4 residues 1 13-122 (Figure 19). 

HS4-B and HS4-A displayed similar binding to B7-1 . Unlike HS4-A, however, the inclusion of 
' the CTLA4 CDRl-like loop into HS4-B (HS9) did no. improve binding (Figure 19), suggestmg 
,0 that residues immediately adjacent to the CTLA4,g MYPPPY motif were important 
determinants in high avidity binding. 

Mom clonal anlibodyMnding ,0 CTLA4/CD28,, hybridan proteins. The structural bttgrity 
of each hybrid fusion protein was examined by assessing their ability to bind mAbs specftc for 
,5 CTLA4 or CD28 in an enzyme immunoassay: The CTLA4 specific mAbs 7F8, 1 1D4 and .OAS 
block ligand binding (Linsley et al. (1992) supra.). 

These antibodies bound ,6 each of the CTLA4Ig mufcn. fusion proteins except 11D4 which 
failed ,0 bind to P99A and PlOiA. Since 7F8 and 10A8 bound to these mutants, the lack of 
20 btodrng by UD4 can probably be attributed to mutagenesis perturbing the epitope recogmzed by 
I1D4. 

Conversely, each antibody failed to bind to any of the homolog hybrid fusion proteins except 
7F8 which bound to HS6, and 11D4 which bound weakly to HS8. As many of these homoiog 
,5 hybrid fusion proteins were, to some extent, able to bind to B7-1, it is likely that lack of bindtng 
by the antibodies was due to disruption of informational epitopes formed by spatially adjacent 

but non-linear sequences. 

The CD28 specific mAb 9.3 (l.insley e. al. (1992) supra.) failed to bind to either of me CD28 
30 directed mutant fusion proteins bu, bound to the hybrid fusion proteins HS4, HS4-A, HS7 
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ffl d HS8. With HS2, weaker: binding was observed, No bindtag was seen with the HSS and 

HS6 constructs, 

CTL14 model. Figure 21 *»» , ^ 

sugg^s the present of an .ddi.iona, <non-Ig) disulfide bond between residues Cys48 and 
Cys66 which supports the similarity of CTLA4 and the Ig variable fold. 

The two possible N-linked glycosylation sites in CTLA4 map to solvent exposed positions 

, • in nrnfile analysis indicated that the CTLA4 sequence is 
10 Ig beta-strand framework regions. 3D-protile analysis num. 

overall compatible with an Ig V-fold, albeit more distantly related. 

Residue Vail 14 represents the last residue of the CTLA4Ig-like domain. The conformation of 
me region between Val 114 and the membrane-proximal Cysl20 which is thought to form £ 

, , • ui • rn?R familv The picture that emerges is that 
15 CTLA4 homodimer is highly variable in the CD28 family. P 

■a nf three CDR-like regions for binding to 

CD28 family members mainly utilize residues in two of three CUK iik » 



B7-1. 



The MYPPPY motif tepresents a conserved scaffold for binding which appears to be ***** 
2 „ by Us C-temun, —„ and wfcch is specify modutatad by the highly 

L region. CDR3 and CDRl-like regions are spa.ia.ly contiguous . Ig-vanable folds. The 
™Ke region is spatiaHy distant and does no,, in the case of the CD28 «y. secant!, 
contribute to the binding to B7-1. 
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DESIGNATION 
HS1 



FRAMEWORK 
CTLA4 



5 HS2 



CD28 



HS3 
HS4 
HS4A 
10 HS4B 
HS5 
HS6 
HS7 



CTLA4 

CD28 

CD28 

CD28 

CD28 

CTLA4 

CD28 



15 HS8 



CD28 



HS9 



CD28 



20 



HS10 



HSU 



CD28 



CD28 



25 



HS12 



HS13 



HSU 



30 



CD28 



CD28 



CD28 



MODIFICATIONS 
1-24 0FCD28 

97-125 OF CD28 
1-210FCTLA4 

95-122 OFCTLA4 
97-125 OF CD28 

95-122 OF CTLA4 

95-112 OF CTLA4 
113-122 OF CTLA4 

24- 31 OF CTLA4 

25- 32 OF CD28 
95-122 OF CTLA4 

24-31 OF CTLA4 
24-31 OF CTLA4 
95-1 12 OF CTLA4 
24-31 OFCTLA4 
113-122 OF CTLA4 
95-122 OF CTLA4 
50-57 OF CTLA4 
24-31 OF CTLA4 
50-57 OF CTLA4 
95-122 OF CTLA4 
50-57 OF CTLA4 
95-112 0FCTLA4 
24-31 OF CTLA4 
50-57 OF CTLA4 
95-112 0FCTLA4 
• 50-57 OF CTLA4 
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TABLE B. Bindkig ofCTLA4 and CD28 monoclonal antibodies to CTLA4ig and CD281g mutant 
fusion proteins arid to CTLA4/CD28Ig hybrid fusion proteins. 



anti-CTLA4 mAbs 



anti-CD28 mAb 



11D4 



10A8 



9.3 



10 



15 



€TLA4Ig MUTANT FUSION PROTEIN 



AYPPPY 

MAPPPY 

MYAPPY 

MYPAPY 

MYPPAY 

MYPPPA 

AAPPPY 



+++ 

++ 

+ 

+++ 
+++ 
+++ 
+ 



++-H-++ 



++H 
+ 



CD28Ig MUTANT FUSION PROTEIN 



20 MYPPAY 
MYPPPA 



2i 



30 



35 



40 



CTLA4/CD28Ig HYBRID FUSION PROTEINS 

HS1 - 

HS2 - 

HS3 - - 

HS4 - 

HS5 - 

HS6 + 

HS4-A - - 

HS4-B - 

HS7 

HS8 - + 

HS9 - + 

HS10 - 

HS11 - 

HS12 - 

HS13 

HS14 - - 

CTLA4Ig -H-+ +++ 
CD28Ig 



+++ 



+++ 



45 



Antibody binding was rated from that seen for wild type protein (+++) to above background ('+), 
and no detectable binding (-). 
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EXAMPLE 8 



The following provides a description of the methods used to generate the nucleotide 
sequences encoding the soluble CTLA4 mutant molecules having one or. more 
substitution mutations in the extracellular CTLA4 portion. SA single-site mutants 
L104EIg were as generated and tested for binding kinetics for CD80 and/or CD86. 
Numerous single-site mutants were generated. The single-site mutants that were tested 
for binding to CD80 and CD86, or tested for allostimulation include the following: 
L104EIg (Figure 23) and L104SIg. The L104EIg single-site mutant was used as a 
template to generate numerous double-site mutant CTLA4 sequences, including 
L104EA29YIg (Figure 24), L104EA29LIg (Figure 25), L104EA29Tig (Figure 26), 
L104EA29WIg (Figure 27), Ll04EG105FIg, and L104ES25RIg. Triple-site mutants 
were also generated, including L104EA29YS25Klg and L104EA29YS25RIg. 
The LI 04EIg nucleotide sequence was used as a template to generate the double-site 
mutant CTLA4 sequence, L104EA29Ylg, which was tested for binding kinetics. 

CTLA4Ie Codon Based Mutagenesis : 

Single-site mutant nucleotide sequences were generated using CTLA4Ig (U. S. Patent 
Nos: 5,844,095; 5,851,795; and 5,885,796) as a template. Mutagenic CTLA4Ig 
oligonucleotide PCR primers were designed for random mutagenesis of a specific codon 
by allowing any base at positions I and 2 of the codon, but only guanine or thymine at 
position 3 (XXG/T). In this manner, a specific codon encoding an amino acid could be 
randomly mutated to code for each of the 20 amino acids. PCR products encoding 
mutations in close proximity to E95-G107 of CTLA4Ig (Figure 22), were digested with 
Sacl/Xbal and subcloned into similarly cut CTLA4Ig nLN expression vector. This 
method was used to generate numerous nucleotide sequences encoding single-site 
CTLA4 mutant molecules (Example 9). The functional properties of some of the CTLA4 
single-site mutants was analyzed (see Example 9). Some of the single-site mutants were 
identified as CTLA4 mutants of interest and were sequenced (see Example 8). 
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L104EIg was identified as a GTLA4 mutant molecule of interest (e.g. having single-site 
mutation). To generate double-site CTLA4 mutant molecules, the nucleotide sequence . 
encoding Ll04EIg was used as a template for mutagenesis in proximity to S25-R33 of 
5 CTLA4Ig (e.g., serine at position +25 through arginine at position +33),- a silent Nhel 
restriction site was first introduced '5' to this region, by PCR primer-directed mutagenesis. 
PCR products were digested with Nhel/Xbal and subcloned into similarly cut CTLA4Ig or 
Ll04EIg or L104EIg expression vectors. The functional properties of some of the CTLA 4 
double-site mutants was analyzed (see Example 9). Some of the double-site mutants 
1 0 were identified as CTLA 4 mutants of interest and were sequenced (see Example 8). 

L104E29YIg was identified as a CTLA4 molecule of interest (e.g., having double-site 
mutations). The nucleotide sequence encoding Ll04E29YIg was used to generate triple- 
site CTLA mutant molecules. The functional properties of some of the CTLA4 triple-site 
15 mutants was analyzed. Some of the triple-site mutants were sequenced (see Example 8). 

This method was used to generate the double-site CTLA4 mutant molecule 
L104EA29YIg (Figure 7). 

20 EXAMPLE 9 

The following provides a description of the methods used to identify the single- and 
double-and double-site mutant CTLA polypeptides, expressed from the constructs 
described in Example 8, that exhibited binding to CD80 and/or CD86 antigens. 

25 

Current in vitro and in vivo studies indicate that CTLA4lg by itself is unable to 
completely block the priming of antigen specific activated T cells. In vitro studies with 
CTLA4Ig and either monoclonal antibody specific for CD80 or CD86 measuring 
inhibition of T cell proliferation indicate that anti-CD80 monoclonal antibody did not 
30 augment CTLA4Ig inhibition. However, anti-CD86 monoclonal antibody did, indicating 
that CTLA4Ig was not as effective at blocking CD86 interactions. These data support 
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, . ,094 | -7.03-801). showing inhibition ot 

T * Li " 5ky 41 ^ 'a ^mate* ,00 foW low, CT,A« g 
CDS0-n.edia.ea ceHular ^ ^ ^ ^ it was 

concentrations than for CDS6-media,ed responses. Bas . ^ 

■ ■ «„iuble CTLA4 mutant molecules having a higher avidity tor 
surmised that soluble CI LA, mm _ activated 

wild type CTLA4 should be better ab.e to bloc* the pruning of antigen >pec, 

ceils than CTLA4Ig. 

To thls end the sc,ub,e CTLA4 mntan, modules described in Examp.e 8 above were 
a novel screening procedure ,0 identify severa. mutahon, ; in the 

, „ COS cel,s were transfected with individual miniprep plasmid cDNA and three 

^ 1 Z trre med,a applied to BlAcore biosensor chips (Pharmacia Biotech 
day condition C D861g. The specific bindmg and 

AR Uoosala Sweden) coated with soluble CDSOIg or CDaoig 

AB, Uppsaia, cw •■ f plasmon resonance 

dissociation of mutant proteins was measured by surface p 
(O'Shannessy D. J., et al., 1997 Anal. Biockem. 212:457-468). 

Qrrpgnmg Method 

CTLA41g and culture media collected 3 days later. 

. ii ~a * n ft™ nver BlAcore biosensor chips 

^ is -a cell culture med a was allowed to How over ou^^ 

2 "rcigor COSO.g, and mutan, ^^ ^ ^ 

media sarnp.es were sconced and DNA was prepared ^ w 
laIg er scale COS cell transient transition, from which mutant CTLA4Ig pro 
prepared following protein A purification of culture media. 

3„ BI Ac„re analysis conditions and eouilibrium binding data analysis were performed as 
described in J. Greene e. al. !996 J. Biol. Om. 271*762. 
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BlAcorejDayLAnaiysis. 



r A to 7 ero response units (RU) prior to analysis. 

— — s : delennine ^ m — 

^^-^"f-^ ^ so,u.io,,. Eouii.brium dissociation 

^ mnrk-derivatized chip, ana ^ *i> 
response minus the response on a mock denvaxiz 

1— cf ana^e. Binding -ves were-ana,y.d »sing —a, nonpar 
0 curve-fitting software (Prism, GraphPAD Software). 

Experimenta, data were firs, fit to a mode, for a single ligand binding to a singie receptor 
Experimental «+nnABi and equilibrium association 

(,-si.e model, i.e., a simple langmuir system, A+BDAB), and , _ 
Instants MAWBNAB]) were ealou.ated from the ec.ua ~ ' > 

15 Subsequent*, data were fit to the simp.es, two-site mode, of Ugand < 
re cepl having two non-interacting independent binding sues as descnbed by 
. equation R-R^,-C\(Kai+C)+ WCXKa+C). 

(p<0.1). 

nation ^association ana,yses were performed us,g B>A " 
,5 Software (Pharmacia). Association rate constants ^ were eaWated ,n two way , 
sTming both homogeno. single site interactions and paraUe, two s,te m e— 
ingle l interactions, k. va.ues were coated according to the equation M 
■ 8 • t;™ t- R is the steady-state response, to is 

x* 1 ^ where R. is a response at a given time, t, is me siec y 
exp ^o^whereKtis a P _.» /dt=:k „ . C koff where C is a concentrate 

the time at the start of the infection; and ^ 

values were calculated according to the equation RrM 1 eXP o) *«* 
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, , >, ■ • c .r I' d-t-hnined from the calculated slope (to about 

For each model, the varaes of kon OvUtmu-v 

70% maximal-association) of plots of k s versus C. 

Dissociation data were analyzed according to one si.e (AB=A+B) o, two sUes 
(m .«*W models, and rate constants (W were calculated from best fit curves. The 
binding site model was used except when the resides were greater than machine 
background (2-.0RU, according to machine), ,n which case the two-binding s„e 
was employed. Ha.f-.imes of receptor occupancy were calculated using .he relationship 

t,n-0.693/k O ft. 



Table 1: Equilibrium binding constants (See also Figure 28) 



CTLA4Ig 

L104EIg 

L104EA29YIg 



CD80Ig (Kd) 
6.51±1.08 
4.47±0.36 
3.66±0.41 



CD86Ig(Kd) 
13.9±2.27 
6.06±0.05 
3.21 ±0.23 



20 



BtAcore™ Analysis: All experiments were run on BlAcore™ or BlAcore™ 2000 
biosensors (Pharmacia Biotech AB, Uppsala) a. 25°C. Ligands were immobilized on 
research grade NCM5 sensor chips (Pharmacia) using s.a„dard N-ethyl-N- 
(dimethylaminopropyl) carbodiimidN-hydroxysuccinimide coupling (Johnsson, B., e. al. 

1991'** S,«WT98: 268-277; Khilko, S.N., e< .1.1993 J.. Vol. Chen, 268:542V 

15434). 



Table 



D: BlAcore analysis of Single-site CTLA4Ig mutants binding to CD86 



Single-site Mutant: 


% of Mutants that Bind: 


% Mutant Non-binding: 


S25 


95 


5 


P26 


94 


6 


G27 


91 


9 


K28 


57 

. : — 


43 
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Table 



ffl: BIAcore analysis of Double-site CTLA4Ig mutants binding to CD86 



% Mutant Non-binding: 
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Table IV : BIAcore analy 



,sis of Triple-site CTLA41g mutants binding to CD86 



% of Mutants that Bind: 



% Mutant Non-binding: 




10 



15 



C ytometry : 

TDSOi was purchased from Becton Dickinson (San Jose, 
Murine MAb L307.4 (an..-CD80 was p ^ 

, r • x it? 0 fanti-B7-0[a so known a* LDB&J), noni 

CHO cells (1-10 x 10 ) wer th^n washed and incubated 

1 fluoresce, iso^cconjuga, goa, a— 
_g.obu.in second step reagents (Tago, Burhngarne, Cai.fom.a). 
. fina. «ash and ana.yzed on a FACScan (Becton Drcbnson). 
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. FACS analysis (Figure 29 A and B) of C TLA4Ig and mutant molecules binding to stably 
transfected CD80+ and CD86+CHO cells was performed as described herein. 

5 CD80+ and CDS6+ CHO cells were incubated with increasing concentrations of 
CTLA4Ig, washed and bound immunoglobulin fusion protein was detected using 
fluorescein i so thiocyanate-c conjugated goat anti-human immunoglobulin, 

In Figure 29, L104EA29YIg (circles), or L104EIg (triangle) CHO cells (1.5x10 s ) were 
10 incubated with the indicated concentrations of CTLA4Ig (closed square), L104EA29YIg 
(circles), or L104EIg (triangle) for 2 hr. at 23 °C, washed, and incubated with fluorescein 
isothiocyanate-conjugated goat anti-human immunoglobulin antibody. Binding on a total 
of 5,000 viable cells was analyzed (single determination) on a FACScan, and mean 
fluorescence intensity (MFI) was determined from data histograms using PC-LYSYS. 
1 5 Data have been corrected for background fluorescence measured on cells incubated with 
second step reagent only (MFI = 7). Control L6 MAb (80 (ig/ml) gave MFI < 30. This is 
representative of four independent experiments. 

The binding of L104EG105FIg, L104EIg, and CTLA4Ig (Figure 35 A and B), or the 
20 binding of L104ES25RIg, L104EIg, and CTLA4Ig (Figure 37 A and B) to CHO cells 
stably transfected with human CD80 or CD86 were also compared. The transfected CHO 
cells were incubated with increasing concentrations of proteins for 2 hours at 23 degrees 
C, washed and incubated with fluorescein-conjugated goat anti-human IgG. Binding on a 
total of 5,000 viable cells was analyzed on a FACScan, and mean fluorescence intensity 
25 determined from data histograms using PC-LYSYS. 

Functional Assays : 

Human CD4 + T cells were isolated by immunomagnetic negative selection (Linsley et al., 
30 19927. Exp. Med. 176:1595-1604). 
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Inhibition of PMA plus CD80-CHO or CD86-CHO T cell stimulation (Figure 30 A and 
B) was performed, comparing CTLA4Ig and L104EA29Ylg. CD4 + T cells (8-10 x 
lO'Vwell) were cultured in the presence of 1 nM PMA with or without irradiated CHO 
cell stimulators. Proliferative responses were measured by the addition of 1 [iCi/well of 
5 [ 3 H] thymidine during the final 7 hr. of a 72 hr. culture. 

The effect of Ll04SIg, LI04EIg, and CTLA4 were also compared. The effects of 
increasing concentrations of CTLA4Ig, L104EIg, L104SIg, or isotype matched negative 
control were measured on stably transfected CD80-CHO (Figure 34 A) and CD86-CHO 
10 cell costimulation of PMA-stimulated peripheral blood CD4+ T cells. T cells (5.0 x 10 4 
cells/well) stimulators (Figure 34 B). Proliferation was measure by the addition of 1,0 
micro Ci/well of 3 H-thymidine during the final 7 hours of a 72 hour culture. The symbols 
for L104EA29Ylg (open circle), CTLA4Ig (closed square), and control (open triangle) 
represent means (± standard deviations) of triplicate determinations. 

15 

Figures 31 A and B, and 26 A and B show inhibition of allostimulated human T cells 
prepared above, and allostimulated with a human B LCL line called PM. T cells at 
3.0xl0 4 /vvell and PM at 8.0xl0 3 /well. Primary allostimulation occurred for 6 days then 
the cells were pulsed with 3 H-thymidine for 7 hours before incorporation of radiolabel 

20 was determined. Secondary allostimulation was performed as follows. Seven day 
primary allostimulated T cells were harvested over LSM (Ficol) and rested for 24 hours. 
T cells then restimulated (secondary) by adding PM in same ratio as above. Stimulation 
occurred for 3 days, then the cells were pulsed with radiolabel and harvested as above. 
To measure cytokine production (Figures 32 A and B), duplicate secondary 

25 allostimulation plates were set up. After 3 days, culture media was assayed using 
Biosource kits using conditions recommended by manufacturer. 

The inhibition of proliferation of primary allostimulated Tcells was also performed using 
L104EIg and L104EG105FIg (Figure 36). Purified CD4+ cells (5.0 x 10 4 cells/well) 
30 were incubated with an irratiated LCL allogeneci B cell line (1.0 x 10 4 cells/well) in the 
presence of increasing concentrations of CTLA4Ig, L104EIg> L104EG105FIg, or isotype 
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negative control.. Proliferation was measure by 3 H»thymidine incorporation over the final 
7hours of a 6 day assay. Symbols for CTLA4Ig (closed diamond), control (closed 
square), L104EIg (open .triangle), and L104EG1.05FIg (open square) represent means (± 
standard deviations) of triplicate detenninations. 

Monkey MLR (Figure . 3 3). PBMC'S from 2 monkeys purified over LSM and mixed 
(3;5xl 0 4 cells/well from each monkey) with 2ug/m! PHA. Stimulated 3 days then pulsed 
with radiolabel 16 hours before harvesting. 



10 EXAMPLE 10 



The following provides a description of the methods used to generate the soluble CTLA4 
mutants, using phage display techniques. 

15 High Avidity Mutagenesis of CTLA4Ig through Phage Display System 

Recombinant phage display technology was performed to select CTLA4Ig mutant 
molecules which bind to CD80 and/or CD86. This method was used to screen millions of 
CTLA4 mutants, express them on the surface of phage particles, and select strong 
20 CD86Ig binders by a panning procedure. The pCANTAB 5E phagemid system 
(Pharmacia Biotech) was used in this study. 

Expression of wild type CTLA4X ( extracellular domain) in pCANTAB 5E phage 
display system 

25 

Cloning: 

The region encoding the complete CTLA4 extracellular domain was cloned into pCANTAB 
5E vector to create a fusion protein with Gene IB (phage coat protein). The pCANTAB 5E 
- CTLA4 X was transformed into TGI E. coli bacterial cells. 
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Phag e rescue: 



15 



The bacteria containing the vector encoding the wild-type CTLA4-Gene ffl fus.cn protem 
5 was infected with, helper phage. Phage panicles were assented in bactena and released 
into the media. Each phage particle was expressed approximately 1 CTLA4-Gene ffl town 
protein on the surface. 0.1 ml of bacterial culture was added to 5 ml of 2x TY AG medium, 
the bacteria were grown at 30 degrees C for 2 hours. 0.25 ml of M13K07 helper phage (5 x 
10-/ ml ) was added, the cells were shaked at 37 degrees C, 250 rpm for 1 hr. The cells 
10 were spun down and the supernatant was discarded. The cell pellet was resuspended in 5 ml 
2 x YT AK medium, shaken at 250 rpm, 37 degrees C overnight. The cells were spun 
down and saved as the supernatant as phage stock. 

Mutagenesis of CTLA4X 

Mutation sites occurred in a region encompassed by tyrosine at position +23 through 
threonine at position +30 (e.g., Y23-T30). All amino acids residues within the Y23-T30 
were mutated to each of the 20 amino acids, yielding a total diversity of nucleotide 

14 

sequences of about 2.8 xlO . 
Muta genesis ap H pre paration of phape di splay library 

From tyrosine +23 to threonine +30, a pool of degenerate forward primers were generated 
having the following sequence: 
25 5< CGA GGC ATC GCT AGC TTT GTG TGT GAG XXK XXK XXK XXK XXK XXK 
XXK XXK GAG GTC CGG GTG ACA GT 3' 

Where X = any of the four nucleotides A, T, G, or C and K = either T, G, or C 
Each primer contained a Nhe 1 restriction enzyme cut site. 

30 The reverse primer had the following sequence: 

5' GGT TGC CGC ACA GAC TTC GGT CAC CTG GCT GTC AGC CTG CCG AAG 

CAC TGT CAC CCG GA 3' 



20 
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By PCR, mutagenic utserts were 1«P«* « • : „ and ligaKd m ,» 

pCANTAB-CX2 phagemid digested w.th th. same zym 



cells. 



Mioim^^ 4 5 , m with Bio.R.d Gene 

Pulser. The library size was 10' ! . 

Phase rescue: vt.G-A the cells were grown 

M13K01 helper phage ( 20 x 1 J* ^ down ^ lte 

incubated at 30 degrees C with shatarg fa 1-5 ^ ^ ^ 

.A The cells were resuspended uilo 50 ml -x 
supernatant removed. Ine cells tv cells were spun down 

Juhated a, 30 degrees C with sh.ing at 250 J^. sup— « 

and the supernatant was saved. The phage was PEG preciprta 
predated phage was used for the first round panning orocedur-. 

3 

Eaaaiag; r TLA4-Gene m fusion protein were allowed to 

me phage par.ic.es >>£*™ **» - ^rentially selected and 

« , 0 CD86 immobile on plasuc The *» g ^ ^ ^ 4 ^ c 

equ a, volumes of PBS a* ^ ^ fcr % ^ wells were 

M W — . glycine buffer P H 2, The eluted phage were 

w^hed with PBS tween and eluted ymn &y 
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Panning results: 



I s round: 



Input phage 
Wash (x7) 
Elute 



6x 10" 
2.8 x 10 3 
3x 10 8 



10 



2 nd round: 



3 rd round: 



Input phage 4.8 x 10" 
Wash 10 7xl0 7 



Elute 

Input phage 
Wash 12 
Elute 



4.5 x 10' 

1 x 10' 2 
2x 10 7 
3x 10 7 



15 4 m round: 



Input phage 
Wash 15 
Elute 



4.x 10" 
2x 10' 
1 x 10 9 



5 th round: Input phage 8x10" 
20 Wash 35 7xl0 7 

Elute 5x 10' 



Five mutants were enriched through these 5 rounds of panning. 
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Mut9 
Mutl9 
Mut71 
Mut45 
30 Mut4 
CTLA4 



F-E-P-K-R-G-V-Q 

W-D-Q-Y-T-G-Y-G 

W-D-A-Y-R-N-Q-Q 

Y-D-H-P-Y-D-G-Q 

W-D-Q-H-V-S-R-R 

Y-A-S-P-G-K-A-T 
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A soluble CTLA4 mutant molecule having the extracellular domain of 
CTLA4 which binds CD80 or CD86. 

The soluble CTLA4 mutant molecule of claim 1, wherein the extracellular 
domain of CTLA4 has one or more mutations in a region S25-R33 of CTLA4, 
and wherein the mutation is a substitution of any amino acid of serine at +25 
through lysine at +28 with a different amino acid selected from alanine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, 
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, 
serine, threonine, tryptophan, tyrosine, and valine, 

The soluble CTLA4 mutant molecule of claim 1, wherein the extracellular 
domain of CTLA4 has one or more mutations in a region S25-R33 of CTLA4, 
and wherein the mutation is a substitution of alanine at position +29 with any 
of arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, 
glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 
proline, serine, threonine, tryptophan, or valine. 

The soluble CTLA4 mutant molecule of claim 1, wherein the extracellular 
domain of CTLA4 has one or more mutations in a region S25-R33 of CTLA4, 
and wherein the mutation is a substitution of any amino acid of threonine at 
+30 through arginine at +33 with a different amino acid selected from 
alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, 
glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 
proline, serine, threonine, tryptophan, tyrosine, and valine. 

The soluble CTLA4 mutant molecule of claim' 1, wherein the extracellular 
domain of CTLA4 has one or more mutations in a region E95-G107 of 
CTLA4, and wherein the mutation is a substitution of any amino acid of 
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glutamic «id at .95 through lysine a, .96 with » different amino acd 
select from alanine, arginine, asparagine, aspartic acid, cystcne, glutamic, 
glutamic acid, giycine, histidine, isoleucine, leucine, lys.ne, metlnomne, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valtne. 

The soluble CTLA4 mutant molecule of claim I. wherein the extracellular 
domain of CTLA4 has one or more mutations in a region E95-G107 ol 
CTLA4 and wherein the mutation is a substitution of any amino actd of 
methionine a, .97 through tyrosine a. .103 with a different amino acd 
selected from alanine, arginine, asparagine, aspartic acid, cysteine, glutamme. 
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, me.hton.ne, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and vahne. 

The soluble CTLA4 mutant molecule of claim 5, wherein the mutation is a 
subsutution of tyrosine a. position .103 with a different amino acid selected 
from a group consisting of arginine, asparagine, aspartic acd, cystetne, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lystne, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosme, 
and valine. 

The soluble CTLA4 mutant molecule of claim 1, wherein the extracellular 
domain of CTLA4 has one or more mutations in a region E95-G1 07 of 
CTLA4 and wherein the mutation is a substitution of any amino acid of 
leucine a, .104 through glycine a. .107 with a different amino acid selected 
from alanine, arginine, asparagine, aspartic acid, cysteine, glutamme, 
Glutamic acid, glycine, histidine, isoleucine, leucine, lysine, me.htonme, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valme. 

The soluble CTLA4 mutant molecule of claim 1. wherein the extracellular 
domain of CTLA4 has one or more mutations in a region beginning with 
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asparagine at position +108 and ending at isoieiicine at position +11 5 (N 1 08- 
1115). 

The soluble CTLA4 mutant molecule of claim 9, wherein the mutation is a 
substitution of any of the amino acids in N108-I115 with a different amino 
acid selected from a group consisting of alanine, arginine, asparagine, aspartic 
acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine, and valine. 

The soluble CTLA4 mutant molecuie of claim 1 further comprising an amino 
acid sequence which alters the solubility, affinity or valency of the soluble 
CTLA4 mutant molecule for binding to CD80 or CD86. 

The soluble CTLA4 mutant molecule of claim 14, wherein the amino acid 
sequence comprises a human immunoglobulin constant region. 

A nucleic acid molecule comprising a nucleotide sequence encoding the amino 
acid sequence corresponding to the soluble GTLA4 mutant molecule of claim 1. 

A vector comprising the nucleotide sequence of claim 13. 

A host vector system comprising the vector of claim 14 in a suitable host cell . 

The host vector system of claim 15, wherein the suitable host cell is a 
prokaryotic cell or a eukaryotic cell. 

A method for producing a soluble CTLA mutant protein comprising growing the 
host vector system of claim 1 6 so as to produce the protein in the host cell and 
recovering the protein so produced. 
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10 



15 



20 



! g. A soluble CTLA mutant protein produced by the method of claim 17, 

A method for regulating a T cell interaction with a CD80 and/or CD86 

the soluble CTLA4 mutant molecule of claim 1 so as to regulate the T cel. 

interaction. 

M . The method of claim , 9, wherein ,he solub.e CTLA4 mutant mo,ecu.e is a„y 
o fLI04EA29L,tl04EA29T,orL104EA29W. 

21. The method of claim 19. wherein the CD80 and'o, CD86 positive cell is a„ 

antigen presenting cell. 

22 . The methodof claim 19, wherein the interaction of the CTLA4-posi«ive T 
cells with the CD80 and CD86 positive cells is inhibited. 

n A method for treating immunoproiiferative drseases mediated by T cell 

interactions w„„ B7 positive cells comprising administering to a subject the 
soluble CTLA4 mutant molecu.e of claim 1, in an amount effective ,0 regulate 
T cell interactions with said B7 positive cells. 



24. The method of claim 23, wherein said T cell interactions are inhibited. 

25. T heme« 1 odofc.aim23,wherein«heir M nunoprolifera,ivedi S easeisgranversus 

75 host disease. 
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30436.30USI2/SBA/RDG 
SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 
5 ABSTRACT OF THE INVENTION 

The present invention provides soluble CTLA4 mutant molecules which bind CD80 
and/or CD86 antigen. 



-91 - 



..smasmAMHVA!.. 



.PCPDSD(Q)epKssdictmsppsp. 



CTLA4lg 




SP v 
(Onco M) 



Figure 1 



Mr 

xl'CT 3 
200- 

116- 
92- 



1 2 3- 4 



68- 
43- 



J L. 



I' 

ft 



Figure 2 



4 5 



90 



Q p V * ^r^ C JcC AGC ICC CGA «C ATC JcC ACC TTT 

CAC CCT OCT CTC GTA ^ , _ 

^ C * * A S ^^ C CGC^ S 5cC T ACTGA C OTCC G C V CTC l.O- 
J T G TCT GAG TAT GCA TCT CCA AAA 

+ V0 _ r V C A 



135 



Ice Htc i« %, ^ L. ^ - ttc !» S« - - 
'„ c TO c Ice °ccc Icctc Hot - - «• ~ l " 



270 



^ 5 CTC =CC I« « ICO ^ CTC k «C TCC M« ... 

CM <W» CTC »CG CCC KK ciKOSWMiOH SITE 

¥/W> , r I G C 

r t M Y P P P Y * #• J~rr CGC ATA GCC AAC GCA 405 
CAC CTC 5tC TAC CCA CCC CCA TAC TAC <?C CCC ATA 



4 50 



540 



L Ic k ™c irX i« Jn tnlvi*™'™™ 

Lc TTT. CTC ^TC I« W GTT TCT £L ^ 

F X ^ 

^ * p E c 5w Ls caa m ?AC ccr Jw rrr att ccc 

ACA GAG CCA CAA TCT CAA AAC CAA TTT » 



630 



♦/fife 

I N 
ATC AAT 



636 



CD7-C0S CD28-C0S CTLA-4-C0S 



No Addition 



MAb 9.3 



B7 Ig 



CD5 Ig 



G3-7 



JO 

B 



A, , 


/V 




A 




A. . 


A, . 






A . 


A, . 


^ . | 




A.. , 


A , 



Fluorescence Intensity 



Figure 4 



CD'28+CHO 



B7+CH0 



PM LCL 



No Addition 


A. 


/v . 1 




1/5 

CD5 Ig 5 
o 


A . 


A. , 




QJ 
JD 

CD28 Ig | 
z 


A . 






CTLA4 Iq . 


lA ."■ 

in inn 


1 10 100 


1 10 100 



Fluorescence Intensity 



Figure 5 



c 

B7Ig 

, i i — — » — 
— ] ]d 100 1000 

Concentration (nM) 



Figure 6 




Figure 7 



Addition: 



a* 
H 
CO 

a 



CP 
M 

< 



cn 
M 

ID 
Q 
CJ 



M 
00 
CO 

a 



CP 

< 

■J 



M 
lO 

■Q 

a 



M r 

xicr 3 

-200- 



CP 

cn 

H 'sT 

CO < 

OJ -J 

O I— ' 

CJ CJ 



cn 
H 
lO 
Q 
CJ 



116 
92- 

■68- 
■43- 




Cells: B7+CH0 PM LCL 



B7+ GHO 



Figure 8 




Concentration (pq/ml) 



Figure 9 



No Addition 
mAb 0KT8 
mAb 9.3 

mAb BB-1 
CD5Ig 
CTLA4Ig 



o 



50 



100 



IgM (ng/ml) 



Figure 10 



400 



I, 300 
E 

T200 

CO 

o 
o 

— 100 




Control 



0 



1 ~T 1 1 J— 

4 9 14 19 

— L6 — | 



49 



39 



Days after transplant 



Figure 11A 




Figure 1 IB 




0 ^ — i — i — i — i — r~ i — i — ~t 1 t- 1 — i 

-1 1 3 5 791 U3 17 21 29 35 45 

H-CTLA4lg-H 

Days after transplant 



Figure 11C 




Figure 12 



"15 9 
i — Anti-B7 



13 17 21 25 
— i 

Days after transplant 



Fieure 13 



. if* Nephrectomized 
Retransplanted 

111 I II I I I I 1 T — 1 T" T T 

0 1 3 42 44 46 48 50 52 54 57 61 69 82 90 95 

Days after initial transplant 



Figure 14 




Figure 16 



L 7 C" 1 2^ O . 

V! W Q O >• < 

< n a. a a. c 
o_ a_ 'ji ty> C/-> or 

o a a o a o 

< ^ ^ < 
>>>>>> 

o 

Z O J — i — ' — 1 ^ 



< 



! t 

< !<[*: _ ^ , . 

^u/z^'z'z 1 
I I I i t I 

UUtIujIujIOI — I 

t 1 i 1 1 i 

> l > l > »>l'>'>' 
I t I I I I 
ciaiOlOlOiai 

II) 1!? 

I I I 1 I ) 

— I -» I • I ■ ! °> I °- I 
I I I I ! I 

_JU.li. il.— 

i I 1 1 I > 
_. Iv- tu. ! ll I 

till) 
^ t -> I 2 I 01 I 2 i ° 

III) 1 
_j X |< I < I < I > 

t t I I 1 

t I I I 1 
Z. t CL 1 _J j I _J I _ 

t_ I *~ t CE- 1 at. 1 r I 

i I I i _l 



CC ' O 



^ 1 1 t 1 

2 <ttlZ|2| 

1 . 1 
— t — ' » • ■ 
1 _ 1 



1 1 



< K » 
i I 



0 



0 


>- 














a 


O 












00 0 boo 








C- 








22 Z 2 2 2 


Li. 


u. 


u. 


Li. 




i/i 




O O t/> w v> w 






O 


O 


0 








1 




a. 




_J 






a 0 uj uj uj uj 


UJ 








a 












>- 


>- 


a 






j > Q £l O >• 


0 




>— 




t/j 


^~ 






c 


UJ 




u." 








>>>>->> 


IE 




31 


I£ 


z 






cwo»& &&a 


>- 


LL 


O 


0 


0 






&&& caa 


>— 


»— 




z 


>- 




IR3-I 


0.0.0.0.0.0. 


< 


>- 


O 


0 


> 




a 
0 


>» >• v> > > 



_c 


>: 


LI 


u? 






— i 


-j 






CC 




_ 




>— 




_> 


O 


hi 










ce: 


t/> 








u. 


>- 


_J 


_j 


> 












i_> 


0 








;>' 










< 


< 


< 




< 


> 






> 


> 


> 


< 
















> 


: >; 









ouoooo 



Ul Ut HI Ut Ul Ul 



> 2 > > > > 

o a o o < < 

to D 1/5 t/7 to t/> 

o r z r Q o 
< > > >— ' 
a .0 o o o o 

__>->- x x 

;.>":..>■ ;_J -;^J:. : _J:: 
■h- V- O u> :. uj t#> 
: :> •;>•■:',<;;<.■.-<.■ 






ta hi ai 01 ui ui 



)- o ^ i t£ _r 

< K < < w o 

__ 3 _J -J I- 

O X -J -J -J o 

__ V) ~Z. X X Z 

t/i a v >- > >- 



UJ UJ QC QC 5C 2 



> Q. in V) tn > 

l_-;u-';;1j- -J -J -J- 

(/) Ifl W l/l I 

< < . . - 

:'__.■;>;> ';.>!>... < : 
O O uj uj < >— 
.a: x 2 2: =: ct 



aooouu 



JQ 

£ 

E 
** 
c 
C 



OOOOOO 



o o x x a o 
5 > z 2 z w 
<<>>>< 

_ OC X O > V 
I I — • — J — I 

o o z x z z 
a a 5 .5 a ? 

y- t- cc □_ >- z 

X Z *- — 

>>>>>> 
O _ h w - 
Z V) UJ UJ Ui O 
O UJ Z Z Z 

z o a o o 



LL- 




O 


0 


u 


LL. 


U- 


U- 


UL 




< 


0 


_J 


-J 


_J 


-j 


1 


-J 


O 


0 


^> 


> 


> 


—I 


to 


_J 




0 


0 


0 


:cn 


<<( 




< 


S : 


















■< 


>; 




>. 


< 


;< 




>; 




> 


_>. 






















: _J- 












>' 


_> : 






i 










_j 










;:_J 


_J 






CL 


/ : (^.-;- 


u. 


u. 


__ 


it 




>— 


0 


O 


Q_ 


a. 


VI 


<c 


in 


tn 


V) 




C- 




O 


a 




> — 


0 


UJ 


a. 


a. 


a 


a 


a. 


CX 










u. 


UJ 












» O 










a 


. 1 — 






. >— 


< 


to a 








X Q. 



00000 



. C_ CL V) 01 

. cc c. a: c: 

. >- >- > >- 

.<-<<!- 

. LL. U_ U. >- 

_Z Z Q O O.O 

__c.cc: _ a: 
a 0. < < a 1- 
_ a a. _ 



q. a ti Q. to 

0000 a c_ 
a a cl. x x o 



. K C AC 2£ 
uj ui v- 1- O 

U U J OL _ X 

_j uj, o o o a 
" jcu". cj . ' _'/-J:; Vol;. . a," 

uj uj cc qc at x 

1— »- _ Q_ CC 0. 



a. cl »- h- >— 




tn LL U. LL J 


CL 


a. 


-j 


— J 


_J ' 




.=> 


> 




0 


0 


C 


*~ 0 ~ v ~- 






X 




X 




vO 




> 


LA 


*/» 






CL 


CL 


X 












a 


a 






>- to O O O 


O 


O 


UJ 


UJ 


0 


wJ 








_ j 


— i 




Idoouool 














—1 


_j 


_j 




_ j 


>- 


__ u. X Z 2 w 


-i> 












CL 






_ 


_ 




. IL U. U. U. 


>- 


>- 


X 


X 


X 


X 


to 


to 






to 





. UJ O O uj 

trt CL < > t- -C 



o o _ - 



*« CO 

r ~ * in ^ 

VJ "O t3 o 

3 »j U — 

S _5 a: X o 



^ — rv* r«* "D 

— y D TJ 'O *J 

3 w vj v — 

x 2 2 oc x u 



-r o w 00 06 «^ 

n ^ f** r*« 

— u "O t) t) u 

o o o _ 

; _ I C£ I U 



CD CD CO 

M T= r>» rs. 



s a: X o 



; ^ "3 H T3 O 

~ 3 « «-»._: 
Z X 2 cc 



FIGURE .18 



1200 




0.0001 6.0010 0.0100 0.1000 1.0000 



Fusion protein big/ml) 



FIGURE 19 



CTLA4!g 
CD28!g c 

H S2 
//S3 
AS4 

//S5 
// S6 

/V S4-34 



tfS4-43 C 



//S7 
/-/ S8 

// S9 




C 





%B7 
Binding Activity 

100 
<0.1 

<0.1 

27 
<0.1 

16 

<0.1 
20 

5 
2 

44 
56 

5 




0.0001 0.0010 0.0100 0.1000 1.0000 



Fusion protein (jig/m!) 




Fusion protein fog/ml) 



It 

ii. 



/a* 



uriccTGrrrrccA 




0-V-3--K-B-D-P--K -V- K r N « 



CCGCGTXXXWX" 



21. 




W-0"V--L- - Ii--T--Q""R"" , r"Ii""ti""S""L"-V--L--A 'h L P P 



AGCATaXGAGCATGGCAfe^CaTGXC^ 

g-^--A--3"^--X--p""H--V--A''"Q-'P""A.""V""V"L"' M A-"8" B R 

ACAQTOCTrCttOGGCTQACAGCCAOTTGACTGAAGTCTG'I^ 
T--V-*L---A--Q--A--0"r-Q-^"T--Z-^"C i -A--A--T--r^-->r- 

OXJAATGAGTTOACCTICCTAGATGATrCCATCTGCA^ 

Q-T-8"i.-T7"V"D"D"S"r-c"r"o"T"-s"ro-T-o" 
otoaacctcactatccaa^ 

\r-N-L-"T"I"Q"0--li-"R-"A"M--D--T"G-I,--Y"I"C- K 'r 
QAGCTCATGTACCCACCOCCATACTACG^ 

B-U--M--Y--P--P-P— Y"Y-'S"C--I-O^N--G--T-"Q--I-Y"V" 

ATTCATCCAGAA^CGTCCCCAOATTCTOATCAOQACCCCAAATCTTCTQACAAAACTCAC 
I""D""P""B""P""C""P" - D""S""D""0""2""P""K""S G~"V~"K'~?""H~~ 

A(^TCCCCACC<rrCCC(a<KACCTGAAC^ 

T .. g .- p .. p -. g -.p-. A .-p.. E -- Ij " L ,-- 0 --G--S--5-^"F* _ L--?--p" 
CCAAAACCCAAGaACACCCTWTOATCTCCCCCACCC^ 

p--r-»"K--D"T--I.-"Mr-I-.-S"R--T"?"B"V--T--C--V-V"V" 
QACGTGA<ttCACGAAC»CCCTOAGGTCM<7I^^ 

D -nr--3--H--r"O--?--B-"v"" K "'"" ,r " ,r "* Y "" v "' D " 0 "" v "" ,B "" v "" 

CATMTOCCAAGACAMGCCGCGGGAGGAGCAGTACAACAGCACGTACC0TGrG/3TCAGC 
H--N"A--K"T--K"P-R--B-E-Q"'Y"N"S--T-Y--R-V-V-"S- 

CTCCTCACCQTX:CTOCAC<^ACTGQCTOAATGG<^^ 

V"L--T-V"L"H-"0"-D">r-l-'"K-*G— K-B"-Y"K""C r -X "V" S 

AACAAAGCCCrCCCAGCCCCCATCCAGAmCCATCTCC^KCAAAGOa^CCCCA 
H"K"A"L"?"-A"»"I-"B-r-T"I— fl"K--A"K--G"9""P""R"" 

GAACCACAGQTOtACACCCTKCC^^ 

E —'p— Q--V-- 1™ t-"1i— p""P"" s"pV'"d-"'i""I'"t--k'-n Q.~ » 
eKuccTOCCTbaTCWu^^ 

L -T"C"L— V— r-G-"F""Y"P"S--D— I A E W B S N 

0""Q""P""S — N""N""Y — X""T T P""P""V""L""D S D""G 8 ? 
TTCCTCTACAGCAAGCTCACCQTGGACAAI^C^ 

r"L" Y"S~r-I."*T— V"-D-"K"-S"R" W"Q— Q~~ 0" N" V" T 5 

TGCTCCOTGATOCATGAOGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCC^^ 
i"S-.-V-TT-B--B--A-T.-"ir"H--K-"Tr-'r--Q-"K--S--I,--8 & * 



c 

CCGGCTAAATGA" 



ggcatccktag^^^ 

6--i"-x--s"F"v"c"i".rr-A"s ? G k y T X V K 

■f-V-L"-R--Q'"r"D"S"Q— V T I V C..A A T i • ■ 
(KMAAWMirOACC^ 

GTCAACCTCACTATCCAAG^ 

v .. ir . L . rT .- r . Q - Q - L " R -X-M-0 T G L Y I : C K . 
<*GCTCATGTACCCA^ 

•E--IT~H -- Y~ - P" - P~''* r "¥~*' r '~ 2 G ION. v* 
lI "D--p--B"P"C"P- i -D'-S-" D "te" E P * S ' " 

. D .. v .. g « H -- S --D--P--Z -V K T N * T v u v 
CATMTGCCAAQACAAAGCCGC<^ 

N--X--A--L--P"A--P"I""B K T I S K A A a V 

GAACCACAGGTGTACACCCTGCCC&ATCCCGGG ' 

, c -- 3 — v" K — H"S-"A-'li— H "N K Y T Q K t> 



CCGGOTAAATQA" " 



M -0"V"L--I,."-T-Q--R*-r-l'- LflLV-L A-Lf 

S-M-A-S-M--A-J1-K--V-A--Q ? A V V L 

0"I-A"6--r--V--C--B"Y--A"S- P G K. L .1 - 

T-V-L"R-Q-A"-D'-S-Q--V"T"E V C . A . 

GA^TC^ 

A ca TC ccca^^ 

CCGGGTAAATGA " " 

f/CjOrl 2% 



C -- S ~V"K~H"E"A 

CCGGGTAAATGA ^_ - 



ttS 

ATGGCTCGTACTGCTCACACAGAGC^C^^ 

■ M — G — V ~ L " L — -r— Q— r— T— L" I/" S--L— V- t. A L L F P 
AGCATG^XXJAGCATGGCAATGCAQjTGGCX^ 

a-M"A-S-M-A-M-H"V--A--Q-P"-A"V. "V **L A 5 S R 
GOCATCGCTAGCTIWrGTGTGAGTATGCATCrc 

G--r-A-S"P"v-c--B-"v"A--s-p"a k -w t s -v R v 

T--V--L---R— Q— A" D--S" 0— V— T— B"T/ C A A T Y M M 

q — jj— B— 1,-- 'T"" ?" M h"^D" D S I ^ 

v — N --l,— T— J"Q— 0" L" R A . M D T v» " 

E--1--K— »"»~»--f"K * s 0. 1 0 » o T u 

T --S--P*"P""S-"P-*A"-P B !• LO GBSVfu 
CCAAAACCCAAGGACACC^^ 



GTCCTCACCGTCC^ACCAGGAC^^ 

N-K-A--L-P-A-P-I-B--K- T I S K A K G Q 

caacca—c™ 
ctgIcc^ 




(fftflesuodsoy 




Fig. 2? 6 Human CD88 CHO cells 




0.001 0.01 0.1 



Fusion protein (jig/ml) 



Fig. 3& A CD80 CHO + PMA costlmulatlon 




-O-L104BA29Ylg 

-*-CTLA4lg 

Control 



1E-05 1E-04 0.001 0.01 Oil 1 

Futlon protein (w/ml) 



Fig, 50 6 CD86 CHO + PMA costlmulatlon 




Fusion protein Gig/ml) 



Fig. J/ A Primary alioresponse 



100000 t 



80000 



80000 - 



40000 - ■ 



20000 




■L104EA29Y1Q 
CTLA4!g 
■ Control Ig 



0 | ■ ■ ■ '""j ■ * ■ '""I < » ■ ""'i "■[ 

0.0001 0.001 0.01 0.1 1 
Fusion protein (jig/ml) 



Fig. 3/ 5 Secondary alioresponse 



100000t 



80000--.' 



^ 80000 -■ 

m 

I 

-. " 40000 + 



20000- 




-o-L1p4EA2dYlo 
-»-CTLA4lg 

-o- Control Ig 



Q I ■ ■ "J ■ ■ l.ll.lj . . ......[ 

0.0001 0.001 0.01 0.1 1 
Fusion protein (ug/mlj 




c 
E 



300 •■ 



200 ■■ 



2 ± 

-100 4 




-L104EA29Y1g 

■CTUUlfl 

■Control 



[ ■ ■ ■ ■ — 1 — 1-» i n» H — ■ ■ 11 "" M 

0.0001 0.001 . 0.01 0.1 1 

Fusion protein. (mJ/tal) 



Fig. IIC 



Y-IFN 



800 t 



C 600-- 



3 400-- 
T200 




Q | ■ ■ ""'1 ' """j 



0.0001 0.001 0.01 



0.1 



1 



Fusion protein (mg/ml) 



■L104EA29Ylfl 
-*-CTLA*g 
-fr- Control 



#9.33 Inhibition of PHA-induced monkey T cell 

proliferation 



120000 

8; 100000 



80000 - 
60000 ■• 
1' 40000 - 
20000 - 




L104SA29YIg 
CTLMlg 

Control 



■ ■ * ■ ■■■i 



1 



I I I I 1 1 t j 

10 



0.01 



0.1 



Fusion protein (jig/ml) 



* * 



PMA BLASTS + CD80 GHO cells 



250000 




0.001 



CTLMIg 
Control 
L104Elg 
L104Slg 



0.01 0.1 1 10 

yi/jyo/*. pro-feJn ^a^/W 



Fr 9 . 3</6 



PMA BLASTS + CD86 CHO cells 



140000 j 
| 1 20000 -■ 

£ 100000 

2 

¥ 60000 + 

J 60000 
z 

§ 40000 

C 20000 •• 




CTLA4lg 
Control 
U04Elg 
L104Slg 



I ■ ■■■'■■»■[ i .i iTi i i[ i > iUff 



0.001 0.01 0.1 1 

jClSS'** 1 f>r*A>* /Jp/fnl 



10 



+ 




fi'g 3? A 




CD80 CHO CELL BINDING 



350 ^ 




PROTEIN CONCENTRATION 



CD86 CHO CELL BINDING 




PROTEIN CONCENTRATION 



. Dkt. 30436. 3GU.SI2/SBA/HP. 
I N THE' UNITED STATES PAT ENT AND TRADEMARK OFFICE 

Peter S. Linsley, et al. 

09/609,91 5 Examiner: E, M. Lazar- Wesley, Ph.D. 

July 3, .2000 Group Art Unit: 1646 

SOLUBLE CTLA4 MUTANT MOLECULES AND USES 
THEREOF 

35 North Arroyo Pkwy, Suite 60 
Pasadena, California 91 103 
April 15,2002 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

Please amend the subject application as follows. 
In the Specification: 

In accordance with 37 C.F.R. 1.12t(a)(l)(i) and (ii), please replace the paragraph at page 
1 . lines 5-10, with the following rewritten paragraph: 

This application is a continuation-in-part of U.S. Serial No. 08/228,208, filed Apri} 15, 
1994, now U.S. Patent No. 6,090,914, issued July 18, 2000, which was a continuation-in- 
part of U.S. Serial No. 08/008, 898, filed January 22, 1993, now U.S Patent No. 5,770,197, 
issued June 23, 1998, which was a continuation-in part of U.S. Serial No. 07/723,617, filed 
June 27, 1991, now abandoned; U.S. Serial No. 09/603,825, filed June 26, 2000, which was 
a continuation-in-part of U.S. Serial No. 09/014,761, filed January 28, 1998, which claims 
priority of U.S. Serial No. 60/036,594, filed January 31, 1997, now abandoned; and U.S. 
Serial No. 08/539,436, filed October 5, 1995, now U.S. Patent No. 6,132,992, issued 
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■ ' , ' -,, „r v , h ; rh . ire hereby incorporated by reference, in . 

October 17, 2000, the contents ot all ci which ar,. ne..o./ 

their entirety, into the present application. --. 

P^ase reptace the paragraph a, page 4, line, lines ,4- 16 , beting ~FW» 3:". 

following rewritten paragraph: 

, . i nt :A* rwn TD NO • 1) and complete ammo acid sequence 
- Figure 3' Shows the nucleotide (bb^. nJ iNu.. k> - _ ■* . 

(SEQ ID NO ■ 2) encoding human CTLA4 receptor fused to the oncostatin M s.gnal 
pepfde, and inching the newly identified N-linked glycosylate site, as desenbedrn 

Example 1, infra. 

P,ease replace the paragraph a, page 6, lines 20-25, p.ease rep.ace the paragraph beginning 
"Figure 7 " with the following rewritten paragraph: 

. Figure 17: Depicts sequencing alignment of CD28 and CTLA4 family members. 
Sequences of human (H) (SEQ ID NO, 7), mouse (M) (SEQ ID NO, 5), rat (R) (SEQ W 
NO • 6) and ch,cken(Ch) CD28 (SEQ ID NO, 8) are altgned with human (SEQ ID NO, 3) 
and mouse CTLA4 (SEQ ID NO, 4). The s.gnal oepfdes are underlined with adashed tare. 
The transmembrane domains are underlined with a solid tine. The CDR-analogous regtons 
are noted The dark shaded areas highlight complete conservation of residues while the hgh. 
shaded areas highhght conservative amino acid substitutions in all family members,-. 



with the 



Please replace the paragraph at page 7, lines 12-13, beginning "Figure 22: 
following rewritten paragraph: 

„ Figure 22: Depicts the nucleotide (SEQ ID NO,. 9) and amino acid sequence of a 
CTLMIg (SEQ ID NO.: 10) having wildtype extracellular domain of CTLA4. --. 



with the 



Please replace the paragraph at page 7, lines 15-17, begtaing "Figure 23:' 
following rewritten paragraph: „ m M n nl 

Fteure n- Depicts the nucleotide (SEQ ID NO, 1 1) and amino actd (SEQ ID NO, L) 
sequences of L.04Elg starting at methionine at positton +> to aspartic actd at pos.t.on 
+124. or alanine at position -1 to aspartic acid at position +124,-. 
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P.ease replace the paragraph a, page 7, to* .W.. "-gWng *! 

following rewritten -paragraph: 

W "74- Depicts the nucleotide (SEQ ID NO, 13) and an.no acid sequence (S.Q ED 
N0 .- 14) of L104EA29YIS starting at methionme at position +1 to aspartic acd at 
position +124, or- alanine at position -1 to aspartic .acid at position +1 24,-, 

-, v -it i<; hpoinrincr "Fisure 25:", with the 
Please replace the paragraph at page 7, lines 23-A begmnm 0 , i e 

following rewritten paragraph: 

R^e 25- Depicts the nuclide (SEQ ID NO, 15) and amino acid sequences (SEQ 
ro NO, 16) of L,04EA29LIg starting a, methionine a. position +1 » aspart,c acd a, 
position +124, or alanine at position-1 to aspartic acid at position +124. -. 

Piease replace the paragraph at page 7, lines 27-29, beginnmg "Figure 26:", with the 
following rewritten paragraph: 

Fioure 96- Depicts the nucleotide (SEQ ID NO,. 17) and amino acid sequences (SEQ 
ID NO, 18) of L104EA29TIg starting at methionine at position +1 to aspartic acia at 
position +124, or alanine at position -1 to aspartic acid at position +124. -. 

o r .c i t, hpmnnine "Figure 27:", with the following 
Please replace the paragraph at page 8, lines lo, beginning n 0 ure_ 

rewritten paragraph: 

Figure T7- Depicts the nucleotide (SEQ ID NO,. 19) and amino acid sequences (SEQ 
ID NO,. 20) of L104EA29WIB starting- at methionme at position +1 to aspartic acid at 
position +124, or alanine at position -1 to aspartic acid at position +124,-. 

Please replace the paragraph at page 9, lines 22-25, beginning "Figure 37:", with the 
following rewritten paragraph: 

,,„„..;,-. Depicts the resuUs of a FACS assay, showtng L104EIg and L104ES25Rrg 
bin /cHO cel.s stably transfected with human CD80 or CD86. A) L.04EIg and 
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, , ' - CDSQ CHO-transfected cells; B) L104EIg anu 
M04ES25RIg bind to human CD30 ^ 

L104ES25RIg bind to human CD 8 6 CHO-transfected cells.-. 

1 , v ~ 1 r wmnin* li One embodiment",, with the 
Please replace the paragraph at page 11 Imes 1-8, be gl nnm 0 U 

following rewritten paragraph: . African Tvpe 

..One -boding of a soh* CTLA4 has been depesued ,,<h »e 
Cure CoUecuon (ATCC) in Manassas, Mary.and, under .he p— o . ~ 
, '•••-uw'l 1991 and has been accorded ATCC access.on number: 6S629. ATO. 
Treas on May ,.,199. ^ the :C TLA4Ig-24 CHQ cel. line has 

DNA encoding ClLA4lg. . Aaaiuuii«»v». . . u 

t - th the ATCC under the Budapest Treaty on May 31, l991 and has been 
been deposited with the ATCC under ndine u04EA?9YIg was submitted 

accorded accession number ATCC 10762. DNA encoding L104EA-9 g 

- t 19 7000 with the American Type Culture Collection (ATCC), 10801 
for deposit on June 19, 2000 witn me .r A ?avTo has 

• vnnlin 7709 The DNA encoding LI 04E A2y i lg na* 
University Blvd., Manassas, VA 20110-2209. ine 

been accorded ATCC accession number PTA-2 104. - 

-7- w c 2 ?1 beginning "Because a signal peptide ', 
Please replace the paragraph at page 3,, hnes 2-,l, beginni 0 

with the following rewnttenp^ ^ ^ ^ ^ ^ ^ N . 

.. Because a signal peptide for J^^^^^^of.c^. 

, t .. For the first step, »» c & 

oligonucleotides- ror 



dligonucicuuu&o. 

the N terminal 7 ammo acids of CTLA4) _ 
TTTGGGCTCCTGATCAGAATCTGGGCACGGTTG (seq ro n ° l ; 2 ( m() 

acid residues 1 .9-125 of .he amino ac,d science en.d^CUM . 
con,ai„m g a Be, 1 res.ric.ion erttyme si.e, as reverse pnmer. V* fo P ^ 

.eukemic ceU line prov.ded by Drs. Sa.ahudin and Ga..o, NC, Bemesda. MD). 
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ercoihig'fbe N terminal portion of the oncostatftt M signal JW^ 6 - ^ containing a 

endonuclease 

restnCtlCn —-r-A pxr rT° AG AC AG AGGACGCTGCT 

rTAGCCACTG.AAGCTTCACCA.^TGGGTGTACTuCT^ACACA 

^CTGGTCCTTGCACTC (SEQ ID NO, 23) and the same reverse pn.e, U 
T Z PGR .action was Rested with Hind m and Bel I and ligated together with a 

me hinge,' CH2 and CH3 region, on g C Y ,nto ^W^^^ 
CDM8 or Hind DL'Xba I cleaved expression vector pLN. 

u ■ v,ntn-oe33 lines 7 3-29, beginning "A schematic map", with the 
Please replace the paragraph at page jJ, lines -J = 

following rewritten paragraph: . _ 

r u iti„a PTT A4I* fusion construct is shown m Figure l. 
a schematic map of the resulting C1LA41 s .iumu 
- A scnemauu v u P t\vf»en CTLA4 (upper case letters, 

un^ed regions) and the signal pep«* SP o, n.ost ^ ^ ^ 

u „„ H of toC(oamma)l (stippled regions). The amino m ? 

hinge, H, of IgCLamm y W ■ ^ ^ mmnmy 

introduced during construction. Asterisks 

reduced in the ,gC T hinge region. The immunogiobuhn superbly V-hU 
^entinCTLMisind^ 

,a v ~ 91 ?7 beeinning "CTLA4Ig", with the 
Please replace the paragraph at page 34, lines 21-27, beginning 

followins rewritten paragraph: np j 
CTlI* was punned by protein A chromatography from serum-free condition* 
" L - iL B ■ . , rTI A41e were determined assuming an 

of a soiution of Known absorbance). Molecular weight standards (lanes a d , 
an dsamo.esM micro grams) of CTLA4, g (lanes 2 and 4) were subbed o SD -PAGE 4 
U% ac.iam.de gradient) under non-reducng conditions (- beta ME, lanes i and ,) 
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. . '., « protein' w«e visualized by staining "With 
reducmg condifons ( + beta ME, mn.es , mi *, 

Coomassie Brilliant Blue. --. 

, - < • r 1 o * i . beoirmins "Because of expression of 
Please replace the.paragraph at page 3,, lines i9-3l, bejnm a 
" the following rewritten paragraph: 

CTLA4rKePt01 • !cTLM receptor protein » human iymphoid ceils has no, 

Because the express ot CO*, recep ^ cDNA 

u „r^-;niisiv reported, it was necessary tu locate a 3 ourt 

^.Sc A ;C TC CTG TC OT AG TG ( SB QIDN 0, 24 )(encod B , g , h e 

NO • ^5) (homologous to the last 8 amino acids in CTLA.4 and contain g ^ 
NO..^)^nom 0 svn thesized from 1 micro gram RNA 

• .. tvi^ tpmnlate aeain was a.cDNA synincwAcu 
reverse primer. The template ag4i restriction 

, f ( , pri? r e ac -tion were cleaved with me .re&uim 
r rplk Products of the PCK reaction w 

c a. rTT Ala fus on described above was aisu e « 
bp Hind m/Nco I fragment from the CTLAU fus. ^ 

punfted. and both restnction fragments were ligated tnto Hmd HBXb. 
to form OMCTLA. --■ 

~r r -n •><; hPomnine"Receptor-irnrnunoglobuhn 
Please replace the paragraph at page 36, toes 21-25, begmmng K 

C gamma", with the following rewritten paragraph: _ _ 

, u i- r „ mm a n-Cy ) fusion proteins B7Ig and CD28Ig were 
.. Receptor-irmnunoglobuhn C gamma fcft ) P_ 
prepared as described by Linstay e. al., ,n ^xrOfci 1"^1""0(1991), rp 

,e herein Briefly. DNA encoding amino acid sequences correspond to the 
reference herem. fly, _ acid fences 

respective receptor pro.em (e.g. B7) ,om _ This was accomplished 

, , • pui ,nri PHI regions of human igw l * 11 ■ r 
corresponding to the hinge, CH2 and CHJ re a ion 

as follows. --• 
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, , . t ' namX1 iir-s 'S-^-- beeinnihe "pi»«™h rnnstmction", with 
Please replace, the paragraph at. page 3V, n\,-^ o uc^iuu. „ 

the following rewritten paragraph: 

- Plasmid Constat Expression plasmids containing cDNA encoding CD28, (as 
iZmZuSo and Seed, ^JaLAHdScUSA 84:3573 (1987)), were proved 
bv Anrffo and Seed (Mass Genera! Hospital, Boston, MA). Plasmids contammg cDNA . 
encoding CDS, (as described by Aruffo, £3! 61: 1303 d« were provided by Dr. Amffo. 
Piasmids containing cDNA encoding B7, (as described by Freeman et al., JJnfflffloi 
143^714 (1989)), were provided by Dr. Freeman (Dana Farber Cancer Institute, Boston, 
MAS For initial attempts at expression of soluble forms of CD28 and B7, constructs were 
made (OMCD28 and OMB7) as descnbed by Linsley e. al., JJmMek. HPS winch 
stop codons were introduced upstream of the transmembrane domains and the native stgnal 
peptides were replaced with the signal peptide ftom oncostatin M (Malik et al., MolCel! 
BjoL 9-2847 (1989)). These were made using synthetic oligonucleotides for reconstructs 
(OMCD28) or as primers (OMB7) for PGR. OMCD28, is a CD28 cDNA modified for 
more efficient expression by replacing the signal peptide wt.h the analogous regton from 
oncostatm M. CD28Ig and B71g fusion constructs were made in two parts. The 5 poruons 
were made using OMCD2S and OMB7 as templates and the oligonucleo.tde, 
CTAGCCACTGAAGCTTCACCATGGGTGTACTGCTCACAC (SEQ ID NO, 26) 

(encoding the amino acid sequence corresponding to the oncostatin M signal peptide) as a 

and either 

forward P nmer > 

TGGCATGGGCTCCTGATCAGGCTTAGAAGGTCCGGGAAA (SEQ ID NO, 27) or, 
TTTGGGCTCCTGATCAGGAAAATGCTCTTGCTTGGTTGT (SEQ ID NO,. 28) as 
reverse prime* respectively. Products of the PGR reactions were cleaved with restriction 
endonucleases (Hind TH and Bell) as sites introduced in the PGR primers and gel punfied,- 

Please replace the paragraph at page 37, line 27, through page 38, line 9, beginning "The 3' 
portion of the fusion constructs", with the following rewritten paragraph: 
- The 3- portion of the Ruuon constructs corresponding to human IgCyl sequences was 
made by a coupled reverse transcriptase (from Avian myeloblastosis virus; Life Sciences 
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W*. ^Aftom a n-yeiomaceUlme P roduc,ng 

Assoc ,a<es, Baypo,, NY>PCR -co, u,ng ; . • ^ M ^ Bns.C-M^ , 

Squibb Company, Phartna ceutlca 

■"' pri,r,er ' .,-.rr(SEQIDNO.-.30) 

cttcgaccagtgtagaagcatcctcgtg^ ^ md gel punfied . 

lreve.epn.ner produCs we, *^ ^ ^ 

. ; i ., n ^--- J ^;^ cle aved — . ^ 

sequ ences * ^ M w 8 cre ^ tor th e appropr* plasn*. . 

MCl 061/p3 E^fiU ce«s and co - 
Sequencesofto-esuningconsuucts^co 

. • u r rj5Ta was constructed ui 
38 lines 17-24, beginnmg CD 51-, 
Please replace the paragraph at page , narae raph: 

^L^^.^^^^ -Hon, 

CDSIg - - SmCt t ATGGGW TCTGGCCACCTTG CSEQ 
CATIGCACAGTCAAGCTTCCA ^ ^ ^ 

^CACA^^ 

lgCl , fragment as described above. The es fom ^ , t0 

S eta an »lno acid seance — ^ amino ^ d by * 

Uon * o f *e seance co.espond,n ^ ■ ^ ^ ^ aclds 

nrocedure (amino acids DQ), wi 
construction procedure v 

tnttieleCv 1 hinge region.--, 
corresponding to the lgwr 
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Please replace the paragraph at page 39, lanes ,lo0, beg*nm B _ . 

F4CS R Analysis.", with the following rewritten paragraph: ^ 

~ ± ~^~^T~- anH FAC* R Aitalvsis Transfected CHO or COS cells or activated x 
- TmmiTnn gtammg and F AL^ Anaivsib. ^» ■ 

' ■ • • V Raf ~ rP ctamin* CHO cells were removed- 

ce>!s analysed by indirect — B~£-^ ^ _ fot 

ftom ,h*r culture vesse.s by mcubauon in PBS con.am.ng .0 »M EDT . ^ 

abated with munne mAbs ,3 (Hansen =. a,., »^ -0:247 ( ) o BB 

_ _ , ng^noiin) or with Ie fusion proteins (all at iO muio 
(Yokochi et al., Jjnuiiunol Us.3.3 a^l)}, or wx . . 

grams/ml in DMEM confining .0% PCS) for .-2 h a, 4 °C. Cells were then washed an 
Lba,ed for an addiuonal 0.5-2h a,4 °C with aFITCconjugated second step reagen, OP* 

(Tago m,, Burlingame, CA)). Fluorescence was analysed on a FACS W cel, sor,, 
(Be,™ Dickinson and CO.. Mounu.n View. CA) capped with a four decade .oganthrmc 
amplifier. --. 

in line ?S through page 41, line 5, beginning 
Please replace the paragraph at page 40, line 2b, tn.ougn p = 

"rnAbs.", with the following rewritten paragraph: 

.r^b, Murine monoclonal anybodies (mAbs) 9.3 (an,i-CD28) and G19-4 (anU-CD,), 
G 3^n,i-CD7),BB-1 («d*7 antigen) and ra.mAb ,.7, (anu-mou, £j 
te. described previous,, (Ledbe tt er e, a,.. ^LA^ 
Ledbetter e, a!., 'fifed 75.53, (1990); Yokoch, e. a,.. ^ and were punfled from 
before use. The hybndoma producing mAb OKTS was obta.net, fro, i .he ATCC, 
Rockville. MD, and .he mAb was also purified from asc.es before use. mA 4G9 (a t, 
CD!9) was provided by Dr. E. Engleman, S.anford Univers,.,, Palo Alto, CA). 
human-mouse chimeric mAb L6 (having human Cyl Fc portion) «as a gtft of Dr. P. Fel 
and M Gayle (Brtstol-Myers Squibb Pharmaceutical Research Instate. Seattle, WA,. -. 
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Please replace the paragraph at page 41, lines , - ^ beginning -m__ 

Analysis ", with the following rewritten paragraph: 

1 T __ faining and FACS * Anal^- Pnor to staining, COS or CHO cells were 
-ed from their culture vessels by incubation in PBS containing 10 mM EDTA. Cells 
_ first mcubated with mAbs or Ig fusion proteins at 10 micro grams/ml in DMEM 
containing 10% FBS for 1-2 hr at 4 degrees C. Cells were then washed, and incubated for 
an additional 0.5-2 hrs at 4 degrees C with FITC-conjugated goat anti-mouse 
immunoglobulin or with FITC-conjugated goat anti-human IgCy serum (both from Tago, 
Burlingame, CA). When binding of both mAbs "and Ig fusion proteins were measured in the 
same experiment, FITC-conjugated anti-mouse and anti-human second step reagents were 
mixed together before use. Fluorescence on a total of 10,000 cells was then analyzed by 



remov 
were 



FACS R . -. 



Please replace the paragraph at page 44, lines 10-17, beginning "Binding ofClLA4It> on B7 
Positive CHO cells. with the following rewritten paragraph: 

- nf CTLA4I" ™ Pnsitiv* CHO cells. To further characterize the binding of 

CTLA4Ig and B7, the binding activity of purified CTLA4Ig on B7' 1 " CHO cells and on a 
lymphoblastoid cell line (PM LCL) was measured in the experiment shown in Figure >. 
Amplified transfected CHO cell lines and PM LCLs were incubated with medium only (no 
addition) or an equivalent concentration of human IgCyl -containing proteins (10 micro 
grams/ml) of CDSIg, CD28Ig or CTLA4Ig. Binding was detected by FACS R following 
addition of FITC-conjugated goat anti-human Ig second step reagents. A total of 10,000 
stained cells were analyzed by FACS . --. - 

Please replace the paragraph at page 46, lines 14-19, beginning "Primary mixed lymphocyte 
reaction (MLR)", with the following rewritten paragraph: 

- Primarv mixed lymphocyte reaction (MLR) blasts were stimulated with irradiated T51 
lymphoblastoid cells (LC) 'in the absence or presence of concentrations of murine mAb 9.3 
Fab fragments, or B7Ig, CD281g or CTLA4Ig immunoglobulin Cy fusion proteins. Cellular 
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proliferation was measured by [ J H]*ymidme incorporate after 4 days and is expressed as 
the percentage of incorporation by untreated cultures (21,000 cpm). Figure 9 shows the 
mean of quadruplicate determinations (SEM-< 10%).-. 

t. \- 4<i u-iac s 17 beeiimin 0 "These results demonstrate". 
Please replace the paragraph at page 48 , lines 8-i U &egiuun e 

with the following rewritten paragraph: 

- These results demonstrate the first expression of a functional protein product of CTLA4 • 
transcripts. CHAHs- a to. <-™™> actauos lite cx^ellukr .amain «i rllA4 
fused to an IgCyl domain, forms a disulfide-linked dimer of M, approximately 50,000 
snbunits Because no interchain disulfides would be predicted to form in the Igporhon of 
this fusion, it seems likely that cystemes CTLA4 are involved in dtsulfide bond 
formatton. The analogous CD2SIg fuston protein (Linsley e. al, supra, 1991) also contatns 
interchain disulfide Itnkage(s). These results suggest that CTLA4 receptor, like CD28 
(Hansen et al., Bnjnyafflenejics 10:247-260 (1980)), exists on the T cell surface as a 
disulfide linked homodimer. Although CD28 and CTLA4 are highly homologous protems. 
they are immunologically distinct because the an,,-CD28 mAb, mAb 9.3, does no. 
recognize CTLA4 (Figures 4 arid 5). -- 

u ♦ s7 linpc ?0-?3 be^innine "In addition, two mutants", 
Please replace the paragraph at page :>7, lines 2U-Zj, De 3 innin a 

with the following rewritten paragraph: 

- In addition, two mutants encoding the residues P103A and Y104A (MYPPAY (SEQ 
ID NO.: 40) and MYPPPA (SEQ ID NO : 41), respectively) from the CD28Ig 
99MYPPPY 1 04 hexapeptide using CD28Ig as a template were also prepared by the same 
method. 

Please replace the paragraph at page 57, line 30, through page 58, line 1, beginning 'These 
primers encoded the following sequences:", with the following rewritten paragraph: 
- These primers encoded the following sequences: 

CDM8FP : 5 '- AAT AC G ACTC ACT ATAGG (SEQ ID NO.: 33) 
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PagS 12 - r-rr- ^±ACC (SEQ ID NO.: 34) 

. _ en Hne 9 beginning C "HS7, 

Please replace the par,^ 

- *»• HS9 construct^ j*^* witlTthe equivalent cDNA fc-t 

5' ft a 9 ,ent ofHS4,HS4-A,andHS4.B resp c ^ - ^ «o those 

similarly digested from HS5 thus introductng ■« 

•■• ,k.rTi A4 CDR3-like region. -, 
hybrids already containing the CTLA4 \,vt\ 

lines 29-31, beginning "Several versions of the 
Wease replace flie paragraph a. page 62, lines 29 , 

model", with *. following rewritten paraph: f ^ „ p , trarols or 

.S^»-^^^»*"rn; Nan ire33|:S3,5„n order 
loops we re tested using ^ f ^^, region sequence with an 1CSP 
to improve the initial alignment of the CTLA4 ex 

variable fold. -- 

« tines 12-15 begmning "Regions of sequence 
P,ease replace the paragraph at page 63, lines 12 15, 
conservation", with the 

Regions of sequence conservaUon are scatte,d (SEQ 

- .tgure ,, 

H> NO,. 35) motif located in the CDR3 like P n >B7 

This suggests a orobabl, role for. his region ,n the, ntera 



andB7-2. --- 



. • • „ "T\RI E B. Binding of 
-it ,: nP( , 1.45 beginning lAi*^ d - 

please replace theTABLE B at ^^^^ J j'^^£ 0 ^ ow j n g rewritten paragraph". 

CTLA4 and ^--^ ^ antibod ,es ,0 Ch>* - 

j ABLE B. Btndtng of CTLA4 ^ prote ,„, 

CD28lg mutant fusion proteins and to CTLA4 



+++ 


-t~T-r 
j — f- ■ 






+-HH-H-". . 


-H~f- 




4- 


+4- 


+-H- 


+4- 


+++ 



,, 8 11D4 10A8 9.3 

rr]_A41 ? i MUTANT FUSION P ROTEIN 

AYPPPY (SEQ ID NO.: 36) '+++ 
MAPPPY (SEQ ID NO. : 37) ++ 
MYAPPY (SEQ ID NO.: 38) + 
MYPAPY (SEQ ID NO.: 39) ■+++■ . 
MYPPAY (SEQ ID NO.: 40) +++ . ■ . ; . 
MYPPPA(SEQIDNO.:41) +++ 
AAPPPY (SEQ ID NO.: 42) + 

rn78I f MUTA^ m.TSThN PROTEIN 

MYPPAY (SEQ ID NO.: 40) - " " +. 

MYPPPA -(SEQ ID NO.: 41) - 

rTT A4/rn28Ig ITYPP™ ittt^ioN PROTEINS 

HS1 " . . + 

HS2 

HS3 " ■ - -■ +++ 

HS4 " 

HS5 " .. • - 

HS6 + " - ++ 

HS4-A ' - ++ 

HS4-B ' " . +++ 

HS7 - " + - '+++'. 

HS8 " + 

HS9 ' 

HS10 ' " . + 

HSU " " 

HS12 - 

HS13 " * . 

HS14 " . . ^ +++ . - 

CTLA4Ig ~ H " + . . +++ 

CD28Ig " 

t ^w^tSatseen for wild type protein (+++) to above background 
Antibody binding was rated from that seen lorwiiu^ v 

(+), and no detectable binding (-)• 



FiledI>ly--. 200() ; 

?! easereplace the paragraph * page 77, >»- - r ^ ^binding to a single 
_ Expertaental data were firs, fit to a mo... - . ^ and eq uffibrtan 

recept0I (1 .sue .ode,, ,«.. -^:;^ m :ir **> «» 

asso cia,,o„ ^ lAHBN ^%;r*e, m p.es [ two-si«e m ode 1 cfHgand 

' 84 Unes ?3-28, beginning "From W°sine +23 to 
Please replace the paragraph a. page 84, - 

^30,, withthetollowtng— ^ f degenerate forward pnmers were 

- + o3 t0 threonine +30, a pu^ 
- From tyrosine l0 . 

generatedhavrngthefoUowtagse,^ ^^BR 

5- CGA GGC ATC OCT AGC ™<™ N0 : 43) 

XXKXXKGAGGTCCGGGTGA.AGT^ ,..^ ti0>C 

WhereX = a n ,of.hefournuc.eo,,desA,T,G^r 

Each pnmer contained a NheUestricnonenz^e cuts,, 

. .MUnesSO-Sibeginmng-Tbereverseprimerhadthe 
Please replace the paragraph at page 84, lme,Jt. 

« with the followmgrewritten Paragraph, 
following sequence, .witnure 

.. There versepnr„erhadthe f„.lowmg^=n«- ^ ^ ^ ^ ^ 

5.GGTTGCCGCACAGACTTCGGTCACC 

CACTGTCACCCGGAnSEQmNO,*)--. 

86 lines 24-31, beginning •^JOtUUSIt 
Please replace the paragraph at pa^ , he fcUowing written paragraph, 

enricisittaousk^^ 

^^^^^^^ 

F-E-P-K-R-G-V-QCSEQIDNO,45) 
T' W.D-Q-V-T-G-V.G(SEQ I DNO,.46) 
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Mut 45 Y-D-H-P-Y-D-G-Q (SEQ IDNO,: 48) 
Mut4 W-D-Q-H-V-S-R-R(SEQIDNO.:49) 
CTLA4 Y-A-S-P-G-K-A-T(SEQIDNO.;50) 

REMARKS 

The changes «c the specification update the priority claimed in *. subject application, 
provide SEQ ID NOs and ATCC accession number, and correct typographical error, m 

the subject application. 

The amendments to specification a. page 1, lines 5-.0 merely update the status of the 
priority documents for the subject apphcation. The amended priorities are supported by 
the executed combined Declaration and Power of Attorney submitted w,th the subject 
application. Thus, the above amendments do not introduce any new matter, and 
accordingly their entry is respectfully requested. 

The amendments to specification a. pages 4, lines 14-16; page 6, lines, 20-25; page 7, 
fines 12-13; page 7, lines 15-17; page 7, lines 19-21; page 7, fines, 23-25; page 7, hnes 
,7-29- page 8, fines 1-3; page 33, fines 1-21; page 35, lines 19-31; page 37, fines 6-2,; 
page 38, lines 1-9 and 17-24; page 57, lines 20-22 and 33; page 58, line 1; page 63, fines 
P.15- page 73, lines 10-21; page 84, lines 23-28 and 30-32; page 86, lines 24-31 are 
merely to provide SEQ ID NOs in the Detailed Description. A sequence listmg, mcludmg 
a paper copy, a computer readable form and a Declaration pursuant to 37 C.F.R. 
§ 1 821(f) are submitted herein as Exhibit 2. The amendments to incorporate SEQ ID 
NOs. do not introduce any new matter and are supported by the disclosure as ongmally 
filed. Accordingly, entry of these amendments is respectfully requested. 

The amendments to specification, a. page 11, lines 1-8, provides the ATCC accession 
number for the DNA encoding L104EA29YIg which was deposited w.th the ATCC 
under the provision of Budapest treaty and appropna.ely referenced in the ongmally filed 
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PaS ' ATrC arc-^or, number for the deposited 

appUcation. the an,=r,d m e nl to incorporate *. — ^ ^ ^ ^ atneI , dme „t is 

T , j -V anv new matter, ana ac-u.iu., 0 , . 

DNA does nui muoauuc anv 

respectfully requested. 

~ Q lines n -25 merely deletes "Figure 35" to 

correct a typographic™, . f „,..- rMue st-d 
and aocordingly *e entry of the amendment ,s re^tfu., reque^d. 

tf> , 07 . nflPe 36 lines 21-25; page 
T* amendments to speech a, P a g e 33, Imes ^ ^ ^ 

37, >ine 27; *, 38, iines 6 and ,7-24; pa g e 39, hne 28, age . . 

, tae H; page ,6, hne 1, and page 43, hne 10, ^ ^ for 

r T^rvi The IeCYl s a commonly usea aooicvi 

IgC gammau Th e ,™ ? ^ 29);The above - ^he 

supped by U.S. Sena, No. the above ame n dme n«s do not mtroduce any new 

this application claims priority. Thus, me 

ma «er, accordingly their entry is respectfully requested. 

™ line 26 merely incorporates -- beta -- to 
The amendments to canb e found on page 34, 

any new data, accordingly Us entry is respectfiihy requested. 

, ,„r 58 line corrects a typographical error by 
The amendment ,o specification at page 58, line . 

, The above amendment is supported by U.o. oenal 

incorporating--- ' ne ,w, ms nrtority The amendment to correct 

(pag e 64, line ,8), to wh.ch th.s £ J^. any new da, and 

the typographical error at page 58, line -» 
accordingly, its entry is respectfully requested. 
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. v>r>~ ^9 coiTects a. typographical error by 

The amendment to specification at page d*..^ ,J, . , . 

V ~ , . .-„nds The above amendment is supporteu by 
incorporating the symbol -j3- tor beta saands. ine 

U S Serial No. 08/228,208 (page 68, line 27), to which this application curcns pnonty. Th 
ab ove arnendment does not introduce any new matter, and accordingly, its entry 

respectfully requested. 

The .0 specific^ a t page 77, .ine ,3, comets a typograpj.icai corby 

Hgand bind,„g ,o a sing, receptor is represented by a simp.e ^ 
>AB The an,endmen, ,s further supported by U.S. Senai No. 09/603,82, (page 23, „n 

Thus the above amendment does not 
10) to which this application claims pnonty. Thus me aoo 

j- i , !»,«. pntrv of the above amendment is 
mtroduce any new matter, and accordingly, the entry ot 

respectfully requested. 

The changes in the specficatton do no, invotve new matter and entry of the. ts 
respectfui.y rcquesteri. If a telephone rnterview wou.d be of askance ,n advancng ,he 
respeciiuny 4 undersigned attorney invites the 

prosecution of the subject application, applicants undersign 

Examiner to telephone her at the number provided below. 
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No additional fee is deemed necessary in connection with the filing of tins Amendment. 
If any additional fees are necessary, the Patent Office is authorized to charge any 
additional fee to Deposit Account No. 50-0306, 

Respectfully submitted, 



SarahB. Adriano 
Registration No. 34,470 

SaraLynn Mandel 
Registration No. 3 1 ,853 
Patent Practitioners for Applicants 
Mandel & Adriano 
35 North Arroyo Pkwy.> #60 
Pasadena, California 91 103 
Tel: (626) 395-7801 
Customer No. 26,941 
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Please amend the specification at page 1, Hues 5-10, to read as follows: 

■ • n-t nfTIS Serial No. 08/228,208, Tiled Apnl 15, 
- This application is a contmuation-in.part of Ua. bena - . 

. , t ,,,o inno n-hirh 'vnq * ^ntinnation-m- 

Tune ?? 1QQV, now ab^ drmed , U.b in" i y , • 

pS5ii«^ 

No. not yet town, filed June 26. 2000, whtch is a continuation » pan 

0*0,4 76!, f, M January 28, ,998, which Cairns pnority of U S. Sena, No. 60/036,5 9, 

2 J« 2S, ,997, now abandoned,, ,he contents of a„ of which are hereoy 

mcorporatedbyreferencejnj^^ 

P,ease amend ,he specification a. page 4, lines 14-16, .0 read as follows: ^ 
. HTO 3- Shows the ^dsondeiSE^iiQ^ — 0 " d T"" 

SFiLro-NC.,2) -oding human CTLA4 receptor fused to the oncost^ M stgnal 
Jfc^ .he newly identified N-linkeo glycosylation site, as descnbed ,n 

Example 1, infra: --. . 

Please amend the specification a, page 6, lines 20-25, to read as follows- _ 

. •■ ' ♦ „ f rn?*! and CTLA4 family members. 
- Figure 17: Depicts sequencing alignment of CD28 and <~ila 

Slices of ha „,n « *EQ ID M ^ 

HO^ and chicken <Ch> CmSJSJGTONOlll are aligned with human WW®** 
„ CTLA4 (SEOmNO^. The signal pepttdes are underhned with a dashed hn. 
The transmembrane domarns are underlined with a solid „ne. The CDR-analogous regtons 
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P1 eas= amend .he specification a, page 7, lines U-12,to read as foHows: ^ 

■ , , /sfo ro NOJVand aimao acid beqwncw o. a 

-Figure 22: .Depicts the 5IU!afOt ! d 4 4^mJ^--i _ 

CTLA4Ig [SptiS2_MQ^-lSi having witdtype extracellular doma-.n CT.A4. ~. 

P1 easeamend the specif.cat.on a, page 7, hnes Sr to read as ^ 
F.gure 23: Depicts* nucleotide (SKQ ID NO, M • and annno acd 
l^^LU^-ethio,^^,,, H to aspartic acd a, pos.non 

+124, or alanine a. position -1 to aspartio acid at pos.for, +1 24,-. 

■ , . nrro n i;«pq1Q-91 to read as follows: 
Please amend the spec.fieat.on at page ,,l.nesW-i, to ^ennm 

. Fi-ure 24: Depicts the nucleotide SSOW - <°* ^ ^ 

HOI^ of L.04EA29Y,g starfng a, methionine a, position +1 to aspart.c 
position +124, or alanine a. position -1 to aspartic acid a, posinon +124,-. 

Please amend the specification a, page 7, lines 23-25, to read as follows: 
Figure 25: Depicts the nudeotide WJi) - "* T ^ 
"jLia of U04EA29L,g starting a, methionine at position +1 to aspamc acd a, 

position +124, or alanine at position -1 to aspartic acid at position +124. --. 

nease amend the specification at page 7, lines 27-29, to read as follows: 

Figure 26: Depicts the nuc.eot.de (SEQJDNOU2 and amino acd sequences (SBQ 
EONO^ of L104EA29TIg starting a. methion.ne at position +1 to asparUc acd at 
position +124, or alanine at positron -1 to aspartic acid atposition +124. -, 
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PHW„«od the soecificaticn at page 8, lines 1-3, to read as follows: 
.- Figure IT. Depicts the nucleotide lSmmmU21 and amino acid sequences 
■in NO, 20) of L104E A29WIg starting at methionine at position « to aspart.c ac:d a. 
position +124, or alanine at position -1 to aspartic acid at position +124.-. 

P,eas= amend the specficanon at page 8, lines 22-25, to read as follows: Please replace 
the paragraph a. page 9, lines 22-25, with the following rewritten paragraph: 

- Figure 37: [Figure 35] Depicts the results of a FACS assay, showing L104EIg and 
L104ES?5RIg bind CHO cells stably transfected with human CD80 or CD86. A) 
L104EIg and L104ES25RIg bind to human CD80 CHO-transfected cells; B) L104Elg 
and L104ES25RIg bind to human CD86 CHO-transfected cells.-. 

Please amend the specification at page 11 . lines 1-8, to read as follows: 

- One embodiment of a soluble CTLA4 has been deposited with the Amencan Type 
Culture Collection (ATCC) in Manassas, Maryland, under the provisions of the Budapest 
Treaty on May 31,1991 and has been accorded ATCC accession number: 68629. ATCC 
68629 is DNA encoding CTLA4l g . Additionally, the CTL A 41g-24 CHO cel. line has 
beendepositedwiftureATCCundertheBudapestTreatyonMaySl, 1991 andhasbeen 
accorded accession number ATCC 10762. DNA encoding L104EA29YIg was subnutted 
for deposit on June 19, 2000 w,.h the American Type Culture Collection (ATCC), 10801 
University Blvd. Manassas, VA 20110-2209. [The ATCC accession number has no. ye. 
been assigned.] aeJJNA^r^^ 

nnmhprPTA-2104. - 

Please amend the specification al page 33, lines 2-21 , to read as follows: 

- Because a signa. peptide far CTLA4 was not identified in the CTLA4 gene, the N- 

terminus of the predicted sequence of CTLA4 was fused to the signal peptide of oncosts 

M (Malik et al, m„i -rf Cell. Biol. 9:2847 (1989)) in two steps using overlaps 

ongonucleotides. For the first step, the oligonuc.eoUde 

CTCAGTCTGGTCCTTGCACTCCTGTTCCAAGCATGGCGAGCATGGCAATGCACG 
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TGGCCCAGCC, (SEP ID NO.: 21) (which encoded the C terminal 15 amino acids .from 
. the oncostatin M signal peptide fused to the N terminal 7 amino acids of CTLA4) was used 
as forward primer, and TTTGGGCTCCTGATCAGAATCTGGGCACGGTTG (SEP ID. 
NO.: 22) (encoding amino acid, residues 119-125 of the amino , acid sequence encoding 
CTLA4 receptor and containing a Bel I restriction enzyme site) as reverse primer. The 
template for this step was. cDN A. synthesized from 1 micro g of total RNA from H38 cells 
(an HTLV'JJ infected T cell leukemic cell line provided by Drs. Salahudin and Gallo, NCI, 
Bethesda, MD). A portion of the PGR product from the first step was reamplified, using an 
overlapping forward primer, encoding the N terminal portion of the oncostatin M signal 
peptide and containing a Hind HI restriction endonuclease site, 
CTAGCCACTGAAGCTTCACCAATGGGTGTACTGCTCACACAGAGGACGCTGCT 
CAGTCTGGTCCTTGCACTC (SEP ID NO.: 23) and the same reverse primer. The 
product of the PCR reaction was digested with Hind m and Bel I and ligated together with a 
Be! 1/Xba I cleaved cDNA fragment encoding the amino acid sequences corresponding to 
the hinge, CH2 and CH3 regions of IgCyl into the Hind m/Xba I cleaved expression vector, 
CDM8 or Hind El/Xba I cleaved expression vector pLN. --. 

Please amend the specification at page 33, lines 23-29, to read as follows: 

- A schematic map of the resulting CTLA4Ig fusion construct is shown in Figure 1. 
Sequences displayed in this figure show the junctions between CTLA4 (upper case letters, 
unshaded regions) and the signal peptide, SP, of oncostatin M (dark shaded regions), and the 
hinge, H, of IgC(gamma)l (stippled regions). The amino acid in parentheses was 
introduced during construction. Asterisks (*) indicate cysteine to serine mutations 
introduced in the IgQ: hinge region. The immunoglobulin superfamily V-like domain 
present in CTLA4 is indicated, as are the CH2 and CH3 domains of IgC(gamma)l. --. 

Please amend the specification at page 34, lines 21-27, to read as follows: 

- CTLA4Ig was purified by protein A chromatography from serum-free conditioned 
supernatants (Figure 2). Concentrations of CTLA4Ig were determined assuming an 
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extinction-coefficient at 280 nrn of 1.6 (expenmentally determined by ammo acid analysis 
of a solution of known absorbance). Molecular weight standards (lanes 1 and 3, Figure 2) 
and samples (1 micro grams) of CTLA4Ig (lanes 2 and 4) were subjected to SDS-PAGE (4- 
12% acrylamide gradient) under non-reducing conditions (- beta ME, lanes 1 and 2) or 
reducing conditions (+ beta ME, lanes 3 and 4) Proteins were visualized by staining with 
Coomassie Brilliant Blue. --. 

Please .amend the specification at page 35, lines 19-31, to read as follows: 
- Because the expression of CTLA4 receptor protein inhuman lymphoid cells has not 
been previously reported, it was necessary to locate a source of CTLA4 mRNA. cDNA 
was reverse transcribed from the total cellular RNA of H38 cells, as noted above, was 
used for cloning by PCR. For this purpose, the oligonucleotide, 
GCAATGCACGTGGGCCAGCCTGCTGTGGTAGTG (SE P ID NO.: 24) (encoding the 
first 1 1 amino acids in the predicted coding sequence) was used as a forward primer, and 
TGATGTAACATGTCTAGATCAATTGATGGGAATAAAATAAGGCTG (SEQ ID 
NO, : 25) (homologous to the last 8 amino acids in CTLA4 and containing a Xba I site) as 
reverse primer. The template again was a cDNA synthesized from 1 micro gram RNA 
from H38 cells. Products of the PCR reaction were cleaved with the restriction 
endonucleases Nco I and Xba I and the resulting 316 bp product was gel purified. A 340 
bp Hind III/Nco I fragment from the CTLAIg fusion described above was also gel- 
purified, and both restriction fragments were ligated into Hind IWXba I cleaved CDM8 
to form OMCTLA; --. 

Please amend the specification at page 36, lines 21-25, to read as follows: 
- Receptor-immunoglobulin C gamma (IgCy. ) fusion proteins B7Ig and CD281g were 
prepared as described by Linsley et al,, in J- Exp. Med 1.73:721-730 (1991), incorporated by 
reference herein. Briefly, DNA encoding amino acid sequences corresponding to the 
respective receptor protein (e.g. B7) was joined to DNA encoding amino acid sequences 
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,.. „, t-tP- 1 Thi-5 was accomplished 

corresponding to the lunge, UU anu leg.u 



as follows. 



W*> P,aSmidS " (I9 ^ were'provided 

scribed bv Anitfo and Seed, trMWS^ **» U *' J " . ,^ A 

de:>cntxa o> . . piasmids containing cDMA 

. b y Drs. Aruffo and Seed (Mass General Hospital, Bostou, MA). . 
• • , rr m-HO^ (1990)), were provided by Dr. Aruiiu. 

Plasmids — c D NA ^^^^W^'J^ 

HM71 a (iqsm were provided by Dr. freeman v^a 

■143:2/ 14- uy» y W»- wcl «f-nn?Ji- and B7- constructs were 

MA , P„ r initia, attempts a, e,pre S sio,of solu ,e °™ ^ in wh , ch 

made (OMCD28 and OMB7) as described by Linsley ^ ^^^^^^^ ih^iative signal 
stop codons were introduced upstream of .he transmembrane domar s and * 

.ides were repiaced w„h tbe ^^^^^ 
D - i 0 7847 (108911 These were made using synthetic ougonuc 

m 9.2847 ,1.89)). ^ ^ ^ ^ mod]fied foI 

(OMCD28) or as pnmers OMB ) for PC^ ^ ^ 

rr^oryi pvnression by replacing the signal pcyuuv 
roore emc,., > consmcts _ mde in wo part , me ,- portions 

oncostatinM. CD28UandB * ^ ^ oligonucl eotid=. 

were made using OMCD28 ana ui 

rTAGCCACTGAAGCTTCACCATGGGTGTACTGCTCACAC (SEQ-ffi-NQ^J 
^amino acid seance corresponding to the ^ « *• 

TTTrGGCTCCTGATCAGGAAAATGCTCTTGCTTGGTTGT (SE P TT> NO., _J 

e o^ersTspectiveW. Produc, of the PCR reactions were cieaved w,* restnction 
reverse pnmers, respecn y ,,:„ , he PCR primers and gel purified.-- 

endonucleases (Hind IH and Bell) as sites introduced mthePCRpn 
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„r Vn»sV thi-oush page38,iine9,toreaQas , 
Please amend the specification at page lows.,, 

f ° U0WS: ■ • P ^ r orresDondmg to hurnar^gCgi sequences was 

~ *' ^ ^ n ^eloblastosis virus; Life Sciences 

ma de by a coupled reverse transcnptas, (^ -- ^ cell line producing 

Associates, Bayport, NY>PCR ~« Md , L Gayle , Bristol-Myers 

human-mouse chimeric mAb L6 (provided by D, P- ^ ^ fg The 

Sq uibb Company, Pharmaceutical Research Institu.e, Settle, VA) - 

AAGCAAGAGCATTTlL^iu. ^ _ Tr f c FO m NQ-29} was used as 

CATCCCCACCGTCCCCAGCACCTGAACTCCTG 

primer, 

OTGGACCAGTCTAG ^ G 1™ *^ wUh BC, and Xba, and g ei purifed. 
as revers e prime, " >> 

" S I™ 2ea CDMS. Ration products were transformed - 

^JoftheresuUtnscons^ 

... as forward P nmer 

• Pr The PCR product was restriction endonuclease digested and U & at 
reverse pnmer. The FCKproQi t rrmie 1 ! encoded a mature 

prot ei„ .avins an antino acid science «— ^ - ' ^ ^ fcy 

position 347 of the sequence corresponding to CDS, two am 
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'• , ■ ■ nr,v fnilowrd by DNA encoding amino «*•» 

construction procedure iarmno text. Pkh Ioi "" - u . •»/ 

corresponding to the IgCj_l hinge region. -. 

Please amend .he specification at page 39, lines 21-30, to read as follow* 
.n^^^^Mi^ Transfected CHO or COS cells or ac.,va,ed T 
cells were analyzed by .ndirect rmmunostain.ng. Before staintng, CHO ceUs were removed 
f>om ft* cuter, vessels by mcubation in PBS containing 10 mM EDTA. CeUs were firs, 
incubated with murine mAbs 9,3 (Hansen e. al., tanuflffie^ 10:247 (1980)) or BB-t 
(Yokochi et al., I Immunol. 128:823 (1981)}, or with Ig fusion proteins (all at 10 micro 
.rams/ml in DMEM coning 10% FCS) for 1-2 h at 4 *C. Cells were then washed, and 
' incubated for an additional 0.5-2h at 4 «C with a FlTC-conjugated second step reagent (goat 
anti-mouse Ig serum for murine mAbs, or goat anti-human Ig d_ serum for fusion protems 
(Tago too, Burlingame, CA)). Fluorescence was analyzed on a FACS IV* cel. sorter 
(Becton Dickinson and CO., Mounts View, CA) equipped with a four decade loganthtntc 
amplifier. --. 

Please amend the specification a. page 40, line 8, through page 41, line 5. to read as 

follows: ■ . . 

.. rjsAfes Murine monoclonal antibodies (mAbs) 9.3 (anti-CD28) and G19-4 (an.,-CD3), 
G3-7 (an«i-CD7), BB-1 (an(i-B7 antigen) and rat mAb 187.1 (anti-mouse kappa cha,n) have 
been described previously (Ledbetter e, a.., to^iii 84:1384-1388 (1987); 
Ledbetter et al, BJood 75:1531 (1990); Yokochi et al.,supn0 and were purified from asct.es 
before use. The hybndoma producing mAb OKT8 was obtained from the ATCC, 
Rockville, MD, and the mAb was also purified from ascites before use. mAb 4G9 (an«- 
CD19) was provided by Dr. E. Engleman, Stanford University, Palo Alto, CA). Punned 
human-mous* chimeric mAb U (having human CyJ Fc poriion) was a gift of Dr. P. Fell 
and M. Gayle (Bristol-Myers Squibb Pharmaceutical Research Institute. Seattle, *A). - 
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Hease amend the specification at page 41,'fe* * »5,<o read 

rented ton, their culture vesse.s by mcubation in PBS containtng 10 ^ 
were first incubated with mAbs or Ig fhston proteins at 10 micro gram* ml » DM** 

an addhiona, 0.5-2 hrs a, 4 degrees C wtth FITC-co ffl uga.ed goat ant-mouse 
^uhog.obu.in or with FITC-coruugated goat anti-human .g d «om (both from Tago, 
Burlingame, CA). When binding of both mAbs and Ig fusion proteins were measured m the 
same experiment, FlTC-conjugated anti-mouse and anti-human second step reagents were 

w j rt f in 000 cells was then analyzed by 
mixed together before use. Fluorescence on a total ol 10.000 cells 

FACS R . — . 

Please amend the specification at page 44, lines 10-17. to read as follows: 
.. Binding C n.A4^ To further characterize the bmd,ng of 

CTLA4Ig and B7, the binding activity of purified CTLA4,g on B7' CHO ce„s and on a 
.ymphob.as.oid eel, .ine (PM LCD was measured in the expenmen, shown m F.gureS. 
Amplified transfected CHO ceU fines and PM LCLs were incubated with medium only (no 
additton) or an eo.uiva.en, concentratton of human ,gCvl-con.ainrng proteins (10 m.cro 
g.ams/mO of CD* CD2 8I g or CTLA4Ig. Bmding was detected by FACS toUowtng 
addition of FirConjugated goat anti-human Ig second step reagents. A total of 10,000 
stained cells were analyzed by FACS . -. 

Please amend the specification at page 46, lines 14-19. to read as follows: 
- Primary mtxed lymphocyte reaction (MLR) blasts were stimulated with irradtated T5 
iymphobkstoid ceils (LQ >n the absence or presence of concentrations of murme mAb 9.3 
Fab fragments, or B7ig, CD28Ig or CTLA4Ig immunog.obu.in C* fusion protetns. Cellu.a, 
pro.ifera.ion was measured by [>H]-<hymidine incorporation after 4 days and is expressed as 
the percentage of incorporation by untreated cultures (21,000 cpm). Figure 9 shows the 
mean of quadruplicate determinations (SEM < 10%).-- 
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Please amend the specification at page 48.. lines 3-17, to read as follows: 

- These results demonstrate the first expression of a functional protein product of CTLA4 
transcripts. CTLA4Ig, a fusion construct containing the extracellular domain of CTLA4 
fused to an IgCjl domain, forms a disulfide-linked dimer of H approximately 50,000 
subunits. Because no interchain disulfides would be predicted to form in the Ig portion of 
this fusion, it seems likely that cysteines from CTLA4 are involved in disulfide bond 
formation The analogous CD28Ig fusion protein (Linsley et al, supra, 1991) also contains 
interchain disulfide, linkage(s). These results suggest that CTLA4 receptor, like CD28 
(Hansen et al., Tmmuno genetics 10:247-260 (1980)), exists on the T cell surface as a 
disulfide linked homodimer. Although CD28 and CTLA4 are highly homologous proteins, 
they are immunologically distinct, because the anti-CD28 mAb, mAb 9.3, does not 
recognize CTLA4 (Figures 4 and 5). - 

Please amend the specification at page 57, lines 20-23, to read as follows: 

- In addition, two mutants encoding the residues P103A and Y104A (MYPPAY {SEQ 
ID NO.: 40) and MYPPPA (SF.O TP NO.: 41) , respectively) from the CD28Ig 
99MYPPPY104 hexapeptide using CD28Ig as a template were also prepared by the same 
method. 

Please amend the specification at page 57, lines 30, through page 58, line 1, to read as 
follows: 

- These primers encoded the following sequences: 

CDM8FP:5'-AATACGACTCACTATAGG (SEP ID NO.: 33) 
CDM8RP:5'-CACCACACTGTATTAACC (SEQ ID NO.: 34) 



Please amend the specification at page 58, line 29, through page 59, line 2, to read 
follows: 



Applicants: Peter S. l ^ at - 

U S. Serial No, •09/609,9 15 . • 

Filed;; July 3, 2000- 
Page 29 . , 
V ■ ' , hvre0 l,cine a -350 base-pair Hindlll/'Hpai 

- HS7, HS8, and HS9 constructs were prepareu b> ^ ^ " ^ ^ fragment 

.-oc-a «=4 A- and HS4-B, respectively, with me tqu. 
5' fragments H34, A-4 A, ana f of CTL.M into those 

sitnWy dieted from HS5 *us introducing the CDR1 P 
hybrids already containing the CTIA4 CDR3-Ulce region- --■ 

o i; n p« to read as follows: 
Please amend the specification at page 62, line* , & . strands or 

, • ■ cnfrtvmod't with modified assignments oi some residues u 
- Several versions of the modawitn. 33 6:83-85) in order 

to improve the initial alignment of the CTLA4 
variable fold. 

s-i i- n pc 12-15 to read as follows: 
P.easc amend the specification a, page " ^ domains of 

_ Regions of sequence conservation are scattered throug 

th ese proteins with the most rigorous conservation « » « P, ^ ^ 

j- r-nw^ like loop of both CTLA4 ana v_u-o ^ 5 
mm** m ^ CDRJ ' :rteractlon wlth a B7 antigen, e.g., B7-1 

This suggests a probable role for tins region m the fraction 



and B7-2. --• 



. ni linpc 1-45 to read as follows: 

Please amend the specification at page 73, lines 1 45, 

TABLE B. Binding of CTLA4 and CD28 monoclonal antibodies to CTLA4I, 

CD28Igmutantmsion^ A 

_^TlMjr^. ^D28mAb 



7F8 * lD4 



10A8 93 




AYPPPY (SEQJDNOi36} +++ 
iVIAPPPY (SEOffiNaiiTJ ++ 
MYAPPY (SlQTONai38J + 
MYPAPY £SEOroNOL3J} +++ 
MYPPAY (SmTONOliOl +++ 



+++ 



+++ 
++ 

+ 

+++ 
+ 
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MYPPPA (SEP ID NO.: 41) . +4+ ++ +++ 
AAPPPY (SEP ID NO.: 42) + . . ++. +++ 

CD28I2 MUTANT FUSION PROTEIN 

MYPPAY (SEP ID NO.: 40) - - - ' 
IvrYPPPA (SEP ED NO.: 41 V - 

ctla4/cd28ig hybrid fusion proteins 

hsi • ; . - / .. - ■■ - - 

HS2 ' - - 

HS3 - - 

HS4 - 

HS5 - - 

HS6 + - 

HS4-A - - 

HS4-B - - ' 

HS7 - - 

HS8 - + 

HS9 - + " 

HS10 - - 

HS11 - 

HS12 - - " 

HS13 - 

HS14 - - 

CTLA4Ig +++ + ++ +++ 

CD28Ig - - 



+++ 



++ 
+++ 



+++ 



Antibody binding was rated from that seen for wild type protein (+++) to above background 
(+), and no detectable binding (-). —. 

Please amend the specification at page 77, lines 12-17, to read as follows: 
-- Experimental data were first fit to a model for a single ligand binding to a single 
receptor (1-site model, i.e., a simple langmuir system, A+B<^AB), and equilibrium 
association constants (K«i=[A]»[B]\[AB]) were calculated from the equation 
R=Rmax'C/(Kd+C). Subsequently, data were fit to the simplest two-site model of ligand 
binding (i.e., to a receptor having two non- interacting independent binding sites as 
described by the equation R=R max i'C\(K < ji+C)+R m a X 2'C\(K < ,2+C).-. 
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. .'. 4 . ■ oa i: nes ?3-28, to read as follows: 

Where X « anv of the four nuclides A, T. G, or C and K - ether T, 
Each primer contained a me I restriction enzyme cut s,te. --. 

Pleaseamendthespeci^ionatpage^ 

„ The reverseprimer had "^^^ QTC AGC CT<3 CC G AAG 
S' GGT TGC CC3C AC A G AC TTC GGT CAC v^iu 
CAC TGT CAC CCG GA 3' (SEO^NOi44) --• 

Please amend the speciHcaUon at pa g e 8 6,lines 2 4-31,toread 
„ F _W^a^^ 



f-e-p-k-r-g-v-q (smiami^) 

W-D-Q-Y-T-G-Y-G (SEO^NQ^ 
W-D-A-Y-R-N-Q-Q (SJQ^ND^m 
Y-D*P-Y-D-G-Q [SEOJDj^481 
W-D-Q-H-V-S-R-R ISEOmNOiiSl 
CTLA4 Y-A-S-P-G-K-A-T (SJ^roNOLim 



Mut 9 
Mutl9 
Mut 71 
Mut45 
Mut 4 



Dkt. 30436.30USI2/SBA'HP 
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.Examiner: E. M Lazar- Wesley, Ph.D. 



Applicant: Peter S. Linsley et al. 

Serial No,: 09/609,915 

July 3, 2000 Group .Art Unit: 1646 

SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 



Filed: 
For; 



35 R Arroyo Pkwy., Suite 60 
Pasadena, California 91 103 
April 15, 2002 



Honorable Assistant Commissioner for Patents 
Washington, D.C 20231 



Dear Sir: 



COMMUNICATION IN RESPONSE ^^^^^^p^^^^^p^c^i^ioNS 
msn.0STIRES" ^" MAR ^ H15 - M02 

This comrnunication is submitted in response to an Office Communication dated March 15. 
2002 «o compiy with requiremems.of 37 C.F.R. 1.821 through 1.825 for sequence hsung, « 
connection with the above-identified application. A one (1) month period fo, reply was set, 
mating April .5, 2002, the deadline for filing a response to .he Notice. Accordingly, thts 
Response is being timely fled. A copy of the above-referenced Notice is submitted herem as 
Exhibit 1. 

to response to the Office Commun.cation, the applicants here.n submit a sequence listing 
including an original paper copy, a computer readab.e copy, and a Dec.aration under >, C.F.R 
§ , 821(f) statin, that the computer readab.e copy ofthe sequence lis.mg is ,den„ca, to the paper 
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,ony (Exhibit 2). The sequence listing contains no new matter and is supported by the 
specification as onginally filed. Accordingly, entry of this amendment is respectfully requested. 

No additional fee ,s deemed necessary in connection with the fling of this Communication. 
However, if any additional fee is necessary, the Patent Office is authorized to charge the 

additional fee to Deposit Account No. 50-0306. 



Respectfully submitted, 

Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No! 31,853 
Attorneys for Applicants 
, Mandel & Adriano 
35 N. Arroyo Parkway 
Pasadena, California 91 103 
(626) 395-7801 
Customer Number: 26941 



Copy of Notice to Comply 
with Requirements for 

Patent Applications 
Containing Nucleotide 
Sequence and/ or Amino 
Acid Sequence Disclosures 



dees 



• paTFNT ?s J^CATIONS CONTAINING 
EQUIPMENTS ""^^ #, LC SUR ES 

NUCLEOTIDE SEQUENCE ^O/OR AMINO ACID b'EQUENuL LW.LO, 

' j;, r | oqJ rp contained In this application dc 

The nucleotide and/or amino acid sequence di ao ; ' u ^ * 0 rth-in 37 'CFR 1/82) - 

not comply with the requirements for such a cisciobu^ ~ 
1,825 for the foil owing r e a s q n ( s ) : 

M !, T,is' application ciea.l, fails « comply with the r^ W. of 3. CP, 

- i .825. Applicant's attention is directed to these regulations., published at 1,1, OG ... 

May 15, 1990 and at 55 FR 18230, May 1, 1990. 

OZf 2. This, application does not contain, as a separate part of the disclosure on 
paper copy, a "Sequence Listing" as required by 37 CFR 1- 821(c). 

□ 3. A copy of the "Sequence Listing" in computer readable form has not been 
. submitted as required by 37 CFR 1.821(e). 

□ 4 . A copy of the "Sequence Listing" in computer readable form has been submicted. 
However, the content of the computer readable J^oea not comply. vith th^rejux rj^n. 
of 37 C7R 1.822 and/or 1.823, as indicated on the attached copy 

Sequence Listing." 

□ 5- The computer readable form that has been filed with this application has been 

found to be damaged and/or unreadable as indicated on ^.^Jf "^^^"v^JS " 
Report. A substitute computer readable form must be submitted as required oy 

1.825(d) . 

□ 6. The paper copy of the "Sequence Listing" is not the same as the computer 
readable form of the "Sequence Listing" as required by 37 CFR 1.821(e). 



Other: 



cant must provide *J GUv^^bX^ iA* 3 ^-^ ^ Mfcd 



Applicant must provide -J cL^fc£^ ^ ^ ^cUT ^ 

[3 An initial or substitute computer readable form (CRF) copy of the "Sequence 
Listing" 

Q An initial or substitute paper copy of the "Sequence Listing", as well as an 
amendment directing its entry into the specification 

A statement that the content of the paper and computer readable copies are the same 
and, where applicable, include no new matter, as required by 37 CFR 1.821(e) o. 
1.821(f) or 1.821(g) or. 1.825(b) or 1.825(d) 
For questions regarding compliance with these requirements, please contact 

For Rules Interpretation, call (703) 308-1123 
For CRF submission help, call (703) 308-4212 
For Patentln software help, call (703) 557-0400 



Please return a copy of this notice with your response. 



EXHIBIT 2 

Sequence Listing in paper 
copy and Declaration 

Pursuant to 37 C.F.K. 
§1. 821(f) 



SEQUENCE LISTING 

<110> Linsley, Peter 3 

Ledbetter, Jeffrey A 
Bajorath, Jurgen 
Peach, Robert J 
Brady, . William 
Wallace, Philip 

Damle,- Ni.tin. K , 

<120> SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 

<130> 30436. 30USI2 

<140> 09/609, 915. 
<141> 2000-07-03 

<15.0> 07/723,617 
<151> 1991-06-27 

<150> 08/008,89.8 
<151> . 1993-01-22 

<150> 08/228,208 
<151> 1994-04-15 

<150> 08/539,436 
<151> 1995-10-05 

<150> 09/014,761 
<151> 1998-01-28 

<150> 09/603,825 
<151> 2000-06-26 

<150> 60/036,594 
<151> 1997-01-31 

<160> 50 

<170> Patentlri version 3.1 

<210> 1 

<211> 636 

<212> DNA 

<213> Homo sapiens 

<400> 1 . 

atgggtgtac tgctcacaca gaggacgctg ctcagtctgg tccttgcact cctgtttcca 60 

agcatggcga gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga 120 

ggcatcgcca gctttgtgtg tgagtatgca tctccaggca aagccactga ggtccgggtg 180 

acagtgcttc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 24 0 

gggaatgagt tgaccttcct agatgattcc atctgcacgg gcacctccag tggaaatcaa 300 



, H^'f^^caq qactctacat .ctgcaaggtg 
gtgaacctca ctatccaagg actgagggcc atgg-acgg 9 

a ^aaa a r cca ' aatttatgt a 
gagctcatqt acccaccgoc awctacctg ggca^^a a.gg.a 

,„ga t cca g aacegtgccc a g a tt = t gac «cc tOT cc ggarcct.gc agcagrtagt 
tcggggctgt . «««.Cg >ca 9 c tgt « ««*.«,». „ tg «t.«g 

- K^'nf^^atqr ccccaacaga gccagaatgt 
aaaagaagcc ctcttacaac aggggtctat gtga^atgc 

gaaaagcaat ttcagcctta ctttattccc atcaat 



<210> 2 

<211> 212 

<212> PRT . 

<213> Homo sapiens • 

*r«y ».l I*. Thr Sin «g Thr «u Leu S er; Leu val Leu Ala 

1 5 



Leu Leu Phe Pre Ser Met "a Ser Hec M. Met His Val «. 01. Pro 

20 2b 

Ma val va! Leu Ha s.r Ser «g oly .1. «a ser Phe val cys Glu 

35 40 

^ ....pi.. Val Arq Val Thr Val Leu Arg 
Tyr Ala Ser Pro Gly Lys Ala Thr Glu Val Arg ^ 
50 -55 

n , „ , Thr Glu val Cys Ala Ala Thr Tyr Met Met 
Gin Ala Asp Ser Gin Val Thr Glu vai ^ 80 

65 /u 

oly *s„ 01- -u Thr Phe Leu Asp Asp 8« II. cys Thr oly Thr ser 

85 yU 

ser Gly Asa Gin val M Leu Thr Ue Gin Oly Leu Arg Ala Met Asp 

100 1Ub 

xr^i rin t.pu Met Tvr Pro Pro Pro Tyr 
Thr Gly Leu Tyr lie Cys Lys Val Glu Leu Met , ^ 

115 120 

_ ^ rin He Tvr Val He Asp Pro Glu 
Tyr Leu Gly He Gly Asn Gly Thr Gin xle T/r ^ 

130 135 



360 
420 
4 3 0 
540 
600 
636 



2 



Pro Cys Pro' Asp Set Asp Phe Leu Leu Trp He Leu. Ala Ala' : Val Ser 
145 150 .: 155 160 



Ser Gly Leu Phe Phe Tyr. Ser Phe Leu Leu Thr Ala Val Ser Leu Ser 
165 ' 170 175 



Lys Met Leu Lys Lys Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lys 
180 135 190/ 



Met" Pro Pro. Thr Glu Pro Glu- Cys Glu Lys Gin Phe Gin Pro Tyr Phe 
195 200 205 



lie Pro He Asn 
210 



<210> 3 

<211> 223 

<212> PRT 

<213> Komo sapiens 

<400> 3 

Met Ala Cys Leu Gly Phe Gin Arg His Lys Ala Gin Leu Asn Leu Ala 

1 5. 10 15 



Ala Arg Thr Trp Pro Cys Thr- Leu Leu Phe Phe Leu Leu Phe He Pro 
20 25 30 



Val Phe Cys Lys Ala Met His Val Ala Gin Pro Ala Val Val Leu Ala 
35 40 45 



Ser Ser Arg Gly lie Ala Ser Phe Val Cys Glu Tyr Ala Ser Pro Gly 
50 55 60 



Lys Ala Thr Glu Val Arg Val Thr Val Leu Arg Gin Ala Asp Ser Gin 
65 70 75 80 



Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met Gly Asn Glu Leu Thr 
85 90 95 



Phe Leu Asp Asp Ser He Cys Thr Gly Thr Ser Ser Gly Asn Gin Val 
100 105 110 



Asn Leu Thr He Gin Gly Leu Arg Ala Met Asp Thr Gly Leu Tyr He 
US 120 125 



3 



Cs'Lys val Glu Leu- Met tyr Pro Pro. Fro Tyr Tyr Leu C-ly lie 
130' 135 '. 140 



Asn C-ly Thr Gin lie Tyr Val He Asp Pro Glu Pro Cys Pro Asp ? 



er 



150 155 160 



145 

£ S p Phe Leu Leu Trp lie Leu Ala Ala Val Ser Ser Gly Leu Phe Phe 
165 1?0 " 175 



Tyr Ser Phe Leu Leu Thr Ala Val Ser Leu Ser Lys Met Leu Lys Lys 
180 185 190 

Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lys Met Pro Pro thr Glu 
195 200 205 

pro Glu Cys Glu Lys Gin Phe Gin Pro Tyr Phe He Pro He Asn 
210 215 220 



<210> 4 

<211> 223 

<212> PRT 

<213> Mus rausculus 

<400> 4 

Met Ala Cys Leu Gly Leu Arg Arg Tyr Lys Ala Gin Leu Gin Leu Pro 
5 10 15 • 



Ser Arg Thr Trp Pro Phe Val Ala Leu Leu Thr Leu Leu Phe He Pro 
20 25 30 

Val Phe Ser Glu Ala He Gin Val Thr Gin Pro Ser Val Tyr Leu Ala 
35 40 45 

Ser Ser His Gly Tyr Ala Ser Phe Pro Cys Glu Tyr Ser Pro Ser His 
50 .55 60 

Asn Thr Asp Glu Val Arg Val Thr Val Leu Arg Gin Thr Asn Asp Gin 
65 70 75 80 



Met Thr Glu Val Cys Ala Thr Thr Phe Thr Glu Lys Asn Thr Val. Gly 
85 90 9 5 . 



4 



Phe Leu Asp Tyr Pro- Phe' Cys .Ser Gly. Thr Phe Asn Glu Ser Arg Val 
100 .. 105 110 



Asn Leu Thr He Gin Gly Leu Arg Ala Val Asp Thr Gly Leu Tyr Leu 
115 120 125 



Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr Phe Val Gly Met Gly 
130 135 ' 140 



Asn Gly Thr Gin He Tyr Tyr He Asp Pro Glu Pro Cys. Pro Asp Ser 
145 " 150 . 155 160. 



Asp Phe Leu Leu Trp He Leu Tyr Ala Val Ser Leu Gly Leu Phe Phe 
165 170 175 , 



Tyr Ser Phe Leu Val Ser Ala Val Ser Leu Ser Lys Met Leu Lys Lys 
180 185 190 



Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lys Met Pro Pro Thr Glu 
: 195 200 205 



Pro Glu Cys Glu Lys Gin Phe Gin Pro Tyr Phe He Pro He Asn 
210 215 220 



<210> 5 

<211> 218 

<212> PRT 

<213> Mus musculus 

<400> 5 

Met Thr Leu Arg Leu Leu Phe Leu Ala Leu Asn Phe Phe Ser Val Gin 
1 5 10 15 



Val Thr Glu Asn Lys lie Leu Val Lys Gin Ser Pro Leu Leu Tyr Val 
20 25 30 



Asp Ser Asn Glu Val Ser Leu Ser Cys Arg Tyr Ser Tyr Asn Leu Leu 
35 40 45 



Ala Lys Glu Phe Arg Ala Ser Leu Tyr Lys Gly Val Asn Ser Asp Val 
50 55 60 



Glu Val Cys Val Gly Asn Gly Asn Phe Thr Tyr Gin Pro Gin Phe Arg 
65 70 75 80 



5 



Ser Asn Ala. Glu Phe Asn Cys Asp Gly Asp Phe Asp Asn Glu Thr Val 
85 90. 95 ' 



Thr Phe Arg Leu Trp Asn Leu His Val Asn His Thr Asp He Tyr Phe 
100 105 HO 



Cys Lys lie Glu Phe Met Tyr Pro Pro Pro Tyr Leu Asp Asn Glu Arg 
115. 120 125 



Ser Asn Gly Thr He lie His He Lys Glu Lys His Leu Cys His Thr 
130 ' ■ " 135 140 



Gin Ser Ser Pro Lys Leu Phe Trp Ala . Leu Tyr Val. Val Ala Gly Val 
145 150 155 160 



Leu Phe Cys Tyr Gly Leu Leu Val Thr Val Ala Leu Cys . Val He Trp. 

165 170 175 



Thr Asn Ser Arg Arg Asn Arg Leu Leu Gin Val Thr Tyr Met Asn Met 
180 185 190 



Thr Pro Arg Arg Pro Gly Leu Thr Arg Lys Pro Tyr Gin Pro Tyr Ala 
195 200 205 



Pro Ala Arg Asp Phe Ala Ala Tyr Arg Pro 
210 215 



<210> 6 

<211> 218 

<212> PRT 

<213> Rattus norvegicus 

<400> 6 

Met Thr Leu Arg Leu Leu Phe Leu Ala Leu Ser Phe Phe Ser Val Gin 
1 5 10 15 



Val Thr Glu Asn Lys He Leu . Val Lys Gin Ser Pro Leu Leu Val Tyr 
20 25 30 



Asp Asn Asn Glu Val Ser Leu Ser ■ Cys Arg Tyr Ser Tyr Asn Leu Leu 
35 40 45 



6 



Ala Lys Glu.Phe Arg Ala' Ser Leu Tyr Lys Gly Val Asn Ser Asp Val- 
5 0 • 55 ■ 60 . 



Glu Val Cys Val Gly Asn Gly Asn Phe Thr Tyr Gin Fro Gin Phe Arg 



70- 



30 



Pro Asn Val Gly Phe Asn Cys Asp Gly Asn Phe Asp Asn Glu Thr Val 
35 .90 95 



Thr, Phe Arg Leu Trp Asn Leu Asp Val Asn Kis Thr Asp lie Tyr Phe 
■100 . 105' HO 



Cvs Lys lie Glu Val Met Tyr Pro Pro Pro Tyr. Leu Asp Asn Glu Lys 
115 120 125 



Ser Asn Gly Thr He lie His He Lys Glu Lys His. Leu Cys His Ala 
130 135 140 



Gin Thr Ser Pro Lys Leu Phe Trp Pro Leu Val Val Val Ala Gly Val 
145 150 155 . 160 



Leu Leu Cys Tyr Gly Leu Leu Tyr Thr Val Thr Leu Cys He He Trp 
165 . 170 175 



Thr Asn Ser Arg Arg Asn Arg Leu Leu Gin Ser Asp Tyr Met Asn Met 
ISO 185 190 



Thr Pro Arg Arg, Leu Gly Pro Thr Arg Lys His Tyr Gin Pro Tyr Ala 
195 200 205 



Pro Ala Arg Asp Phe Ala Ala Tyr Arg Pro 
210 215 



<210> 7 

<211> 220 

<212> PRT 

<213> Homo sapiens 

<400> 7 

Met Leu Arg Leu Leu Leu Ala Leu Asn Leu Phe Pro Ser lie Gin Val 
1 5 10 15 



Thr Gly Asn Lys He Leu Val Lys Gin Ser Pro Met Leu Val Ala Tyr 
20 25 . 30 



Asp Asn Ala Tyr. Asn Leu Ser Cys Lys Tyr Ser Tyr Asn. Leu Phe Ser 
35 40 45 



Arg Glu Phe Axg Ala Ser Leu His Lys Gly Leu Asp Ser Ala Val Glu 
50 55 • .60 



Vai Cys Val Val Tyr Gly Asn Tyr Ser Gin Gin Leu Gin Val Tyr Ser 
65 .. ■ 70 . 75 80 

Lvs Thr Gly Phe Asn Cys Asp Gly Lys Leu Gly Asn Glu Ser Val Thr 
85 30 95 



Phe Tyr Leu Gin Asn Leu Tyr Val Asn Gin Thr Asp He Tyr Phe Cys 
100 ' 105 110 

Lys lie Glu Val Met Tyr Pro Pro Pro Tyr Leu Asp Asn Glu Lys Ser 
115 ' 120 125 



Asn Gly Thr lie lie His Val Lys Gly Lys His Leu Cys Pro Ser Pro 
130 135 14.0 

Leu Phe Pro Gly Pro Ser Lys Pro Phe Trp Val Leu Val Val Val Gly 
145 150 155 160 

Gly Val Leu Ala Cys Tyr Ser Leu Leu Tyr Thr Val Ala Phe He He 
165 170 175 



Phe Trp Val Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met 
180 185 190 

Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gin Pro 

195 200 205 



Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser 
210 215 220 



<210> 8 

<211> 221 

<212> PRT 

<213> Gallus gallus 

<400> 8 



8 



Gly He Leu Va'l Val Leu Cys Leu He- Pro Ala Ala Asp Val 



Met Leu 

1. 5 10 



Thr Glu Asn Lys He Leu Val Ala Gin Arg Pro Leu 



Leu He Val Ala 



20 25 .30 



Asn Arg Thr Ala Thr Leu Val Cys Asn Tyr Thr Tyr Asn Gly Thr Gly 
35 ' 40 45 

Lys Glu Phe Arg Ala Ser Leu His Lys Gly Thr Asp Ser Ala Val Glu 
50 55 60 

Val Cys Phe lie Ser- Trp Asn Met Thr Lys He Asn Ser Asn Ser Asn 
65 70 75 80 

Lys Glu Phe Asn Cys Arg Gly He His Asp Lys Asp Lys Val lie Phe 
85 90 95 

Asn Leu Trp Asn Met Ser Ala Ser Gin Thr Asp He Tyr Phe Cys Lys 
100 105 HO 

He Glu Ala Met Tyr Pro Pro Pro Tyr Val Tyr Asn Glu Lys Ser Asn 
115 120 125 



Gly Thr Val He His Tyr Arg Glu Thr Pro He Gin Thr Gin Glu Pro 
130 " 135 .140 

Glu Ser Ala Thr Ser Tyr Trp Val Met Tyr Ala Val Thr Gly Leu Leu 
145 150 155 160 

Gly Phe Tyr Ser Met Leu He Thr Ala Val Phe He lie Tyr Arg Gin 
165 170 175 



Lys Ser Lys Arg Asn Arg Tyr Arg Gin Ser Asp Tyr Met Asn Met Thr 
180 185 190 



Pro Arg His Pro Pro His Gin Lys Asn Lys Gly Tyr Pro Ser Tyr Ala 
195 200 205 

Pro Thr Arg Asp tyr Thr Ala Tyr Arg Ser Trp Gin Pro 
210 2i5 220 



<210> 9 



9 



<211> 1152 
<~>12> DNA. 

<213> Artificial Sequence. 



<220> . .. . . f ici Hl sequence: CTLA4Ig- 

<223> Description of ^titiaa. -d 

^w*- «" 9tct " t= " t9 " ct cct9ttECca 

, go , Cg9 = 9 . 9 — — " t93 " Ct99C ° a9 ° a9CC9a 

ag „,,^,— 99 " C3 " t9 

ggg „ t9 a 9t ^ w «=c — ^ — - — 

a taaacacqg gactctacat ctgcaaggtg 
gtgaacctca ctatccaagg actgagggcc atggacacgg g .. 

.^ctacctq ggcataggca acggaaccca gatttatgta 
gagctcatgt aCccaccgcc atactacctg gg .a* 

, ttg a tC ca 9 aac= g t g c=c a g ,«c tg a t ca 9g a g ccea — 
^, t ,,,.,- «*=«== 
.eaaaaccca . g9 aca= 5 « c^Ut- — ^ — " 

g , cgtg a g cc ac 9 aa g accc 'T 
c ataa tg c=a a 9 acaaa 9 cc g = 999 a 99 a 9 « gt acaaca g cac gt ae= 9 W * 
gc « t cacc 9 ,cc tg =.~a g9 a= tg9 = t9 aa Cgg caa 99 . gt acaa gtg 
aaea.a^c t c==a 9 cc== ca t c 9 . g .a. 

g aacca C a g9 t 9t aca=cc t 9 c=ccc. t ce W W t9 a— ce, 9gC ca 9 = 
c tg acct g cc t99 tcaaa 99 c-tatccc a 9 c 9 aca t c g 

gg9 ca 9 cc g9 a 9 .a=a.=ta =aa g accac 9 ««« 9 «c tgg actcc g . = 99 «c=t t c 
tt =ctc t a=a g =aa 9 ct=,= = 9 t 99 ac.a 9 a 9 =a ggCg9 c a g ca g999 .a «,««««- 
t9 = t cc 9 t 9 a t9 =» t * C c, g c.=aac e.c t acac 9 c a 9 aa 9 a 9 =ct ctccc^t 

ccgggtaaat ga 



6.0 . 
120 
ISO 
240. 

300 . 

3 60 
420 

4 80 

540 

600 

660 

720 
78 0 
84 0 
900 
960 

1020 
1080 
1140 
1152 



<210> 10 

<211> 383 

<212> PRT 

<213> Artificial Sequence 



<220> . • „ f artificial Sequence: CTLMlg 

<223> Description of Artiticidi h 



10 



<40G> 10 

Met- Gly Val Leu Leu Thr Gin' Arg Thr .Leu Leu Ser Leu Val Leu Ala. 
1 . ' 5 10 15. 



Leu Leu Phe Pro Ser .Met Ala Ser Met Ala Met His Val Ala Gin Pro 
20 25 30 



Ala Val Val Leu Ala Ser Ser Arg Gly lie Ala Ser Phe Val Cys Glu 
"35 ,40 45 



Tyr Ala Ser Pro Gly Lys Ala Thr Glu Val Arg . Val Thr Val Leu Arg 
... . 50 ~ 55 60 



Gin Ala Asp Ser Gin Val. Thr Glu Val Gys Ala Ala Thr Tyr Met Met 

65 ,- ; .70 75 ; 80 



Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser He Cys Thr Gly Thr Ser 
85 90 95 



Ser Gly Asn Gin Val Asn Leu Thr He Gin Gly Leu Arg Ala Met Asp 
100 105 110 



Thr Gly Leu Tyr He Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 125 



Tyr Leu Gly He Gly Asn Gly Thr Gin lie Tyr Val lie Asp Pro Glu 
130 135 140 



Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 
145 150 155 160 



Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165 170 175 



Phe Leu Phe Pro Pro Lys. Pro Lys Asp Thr Leu Met lie Ser Arg Thr 
180 185 190 

Pro Glu Val thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu 
195 200 205 



Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 



11 



n ^ >T > ir Tvr Ara Val Val Ser 
Chr Lys Pro Arg Glu Glu Gin Tyr Asn- ser *r *yr Arg ^ 

225 

,al Leu Thr Val Leu' His Gin Asp Trp Leu Aan Gly Lys Glu Tyr Lys 

24 5 ' 25 0 . 

Cys Lys M ser «. Lys *. M Pro Rl . Pro U.>» JYJ ' «r .1. 

260 ^ . 

£er Lys «i i-ys ay «»'*» » Ko Sb val Pt ° 

• 275 280 

Pro Ser Arg Asp GluLeu Thr Lys Asn 01, val Ser. Leu Thr cys Leu 

290 295 

Val Lvs Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu Ser Asn 
305 310 315 

Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 

325 330 

ASP Gly Se. Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 

340 345 

Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 

355 360 

His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 

370 375 



<210> 11 
<211> H52 
<212> DNA 

<213> Artificial Sequence 

,<!£>■ Description of Artificial Sequence: D104EIg 

:400> 11 . : . t-rrl-t-acact cctqtttcca 60 

12 0 



I^tgrac tgctcacaca gaggacgctg ctcagtctgg tccttgcac. cctgtttcca 
agcatggcg. g=atgg=.a t goacgtggcc cagcctgctg tggtactggc cagcagccga 
ggcatcgcta gcttcgtgtg tgagtatgca t cc=cagg=a aagccactga ggtccgggcg 
acagtgctto ggc.ggotga cagccaggtg actgaagtct gtgcggcaac otacacg.tg >«. 



180 



gggaatgagt 


fcgacet tcct 


agatgattcc 


atctgcacgg 


gcacctccag 


t.ggaaa-tcaa 


300 


gtgaacctca 


..ctatccaagg. 


actgagggcc 


atggacacgg. 


gactctacat 


ctgcaaggtg 


360 


gagctcatgt 


acccaccgcc 


atactacgag 


ggcataggca 


acggaaccca 


gatttatgta 


420 


attgatccag 


aaccgtgccc 


agattctgat 


caggagccca 


.aatcttctga 


caaaactcac 


450 


acatccccac- 


cgtccccacjc 


acctgaaetc 


ctggggggat 


cgtcagtctt 


c'ctcttcccc. 


540 


ccaaaaccca 


aggacaccct- 


catgatctcc 


cggaccectg 


aggtcacatg 


cgtggtggtg. 


60 0 


gacgtgagcc 


acgaagaccc 


tgagg.tcaag 


ttcaactggt 


acgtggacgg 


cgtggaggtg 


660 


cataatgcca 


agacaaagcc 


gcgggaggag 


cagtacaaca 


gcacgtaccg 


tgtggtcagc 


. 720 


gtcctcaccg 


tectgcacca 


ggactggctg 


aatggcaagg 


agtacaagtg 


caaggtctcc 


780 


aacaaagccc 


tcccagcccc 


catcgagaaa 


accatctcca 


aagccaaaggi 


gcagccccga 


840 


gaaccacagg 


tgtacaccct 


gcccccatcc 


cgggatgagc 


tgaccaagaa 


ccaggtcagc 


900 


ctgacctgcc 


tggtcaaagg 


cttctatccc 


agcgacatcg 


ccgtggagtg 


ggagagcaat 


960 


gggcagccgg 


agaacaacta 


caagaccacg 


cctcccgtgc 


tggactccga 


cggctccttc 


1020 


ttcctctaca 


gcaagctcac 


cgtggacaag 


agcaggtggc 


agcaggggaa 


cgtcttctca 


108 0 


tgctccgtga 


tgcatgaggc 


tctgcacaac 


cactacacgc 


agaagagcct 


ctccc tgtct 


1140 


ccgggtaaat 


ga 










1152 



<210> 12 

<211> 383 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EIg 

<400> 12 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 
1 5 10 15 

Leu. Leu Phe Pro Ser Met Ala Ser Met Ala Met His Val Ala Gin Pro 
20 25. 30 

Ala Val Val Leu Ala Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 
35 40 45 

Tyr Ala Ser Pro Gly Lys Ala Thr Glu Val Arg Val Thr Val Leu Arg 



13 



• 55 .60 
50 . . • 



- ,-i ' m = Aia Thr Tyr Met Met 
Gin Ala Asp Ser Gin Val Thr Glu Vai Cys Ala Ala y . ^ 

65 . . 70 . ■ 

Gly Asn Glu Leu Thr Phe Leu Asp Asp Sex lie Cys Thr Gly Thr Ser 

' 85 90 

ser aly .,s„ Gl„ val Asn Leu Thr lie Cln Gly «u Ar 9 £ «c A S p 

100 1U - 

. Tm Tvr II- Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 

Thr Gly Leu lyr xi- w° 12 5 
115 . .120 



Tyr Glu Sly lie Gly « Gly Thr .1. He Tyr val He up Pro Glu 

130 135 

Pro Cys Pro Asp Ser Asp O.ln Glu Pro Lys S. t Ser Asp Lys Thr His 

145 IbU 

n ^ n qer PrG Ala pro Glu Leu Leu Gly Gly Ser Ser Val 
Thr Ser Pro Pro Ser Pro ai* 175 
165 170 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Ar 9 Thr 

180 185 

Pro Glu v.l Thr Cys val val val Asp Val ser His Glu** Pro Glu 

195 200 

val Lys Ph. Asn Trp Tyr Val ,s P Gly Val Glu val His Asn Ala Lys 

210 215 

Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 235 

Val Leu Thr val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys. 
245 a50 

cys Lys val ser Ash Lys Ala Leu Pro Ala Pro He Glu Lys Thr .1. 

260 265 

S er Lys Ala Lys Gly Gin Pro Ar g Glu Pro Gin v,l Tyr Thr Leu Pro 

275 280 



14 



Pro Ser Arg Asp GIu Leu Thr Lya Asn Gin Val Ser Leu Thr Cys Leu 
290 - ■ 295 300 



Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val GIu Trp Glu Ser Asn 
305 ' * ■ 310 315 320 



3ly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro. Val Leu Asp Ser 
.325 330 335 . . 



Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
340 ; ' 345 350 : 



Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala. Leu 
355 360 365 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
370 375 380 



<210> 13 
<211> 1152 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EA29YIg 
<400> 13 

atgggtgtac tgctcacaca gaggacgctg ctcagtctgg tccttgcact cctgtttcca 60 
agcatggcga gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga 12 0 
ggcatcgcta gctttgtgtg tgagtatgca tctccaggca aatatactga ggtccgggtg 180 
acagtgcttc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 24 0 
gggaatgagt tgaccttcct agatgattcc atctgcacgg gcacctccag tggaaatcaa 300 
gtgaacctca . ctatccaagg actgagggcc atggacacgg gactctacat ctgcaaggtg 360 
gagctcatgt acccaccgcc atactacgag ggcataggca acggaaccca gatttatgta 420 
attgatccag aaccgtgccc agattctgat caggagccca aatcttctga caaaactcac 480 
acatccccac cgtccccagc acctgaactc ctggggggat cgtcagtctt cctcttcccc 540 
ccaaaaccca aggacaccct catgatctcc cggacccctg aggtcacatg cgtggtggtg 600 
gacgtgagcc acgaagaccc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg 660 



15 







• 






• 




cataatgcca 


agacaaagcc 


gcgggaggag 


cagtacaa'ca 


gcacgtaccg. 


tgtggtcagc 


"7 9 n ■ 


gtcc'tcaccg 


tcctgcacca 


ggactggctg 


aatggcaagg 


agtacaagtg 


caaggtctcc 


*7 q ft 


aacaaagccc 


tcccagcccc 


c.atcgagaaa 


accatctcca 


aagccaaagg 


gcagccccga 




gaaccacagg 


tgtacaccct 


gcccccatcc 


cgggacgagc 


tgaccaagaa 


ccaggtcagc 


q n n 


ctgacctgcc 


tggtcaaagg 


cttctatccc 


agcgacatcg 


ccgtggagtg 


ggagagcaat 


y o u 


gggcagccgg 


agaacaacta . caagaccacg 


cctcccgtgc 


tggactccga 


cggctccttc 




ttcctctaca 


gcaagctcac 


cgtggacaag 


agcaggtggc 


agcaggggaa 


cgtcttctca 


lOo U, 




tgcatgaggc 


tctgcacaac 


cactacacgc 


agaagagcct 


ctccccgtct 


1140 














1152 


ccgggtaaat 


ga ; 













<210> 14 

<211> 383. 

<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: L104EA29YIg 

<400> 14 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu. Val Leu Ala 



15 

1 



5 .10 



Leu Leu Phe Pro Ser Met Ala Ser . Met Ala Met His Val Ala Gin Pro 
20 25 3° 



Ala 

35 



Val Val Leu Ala Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 
35 40 45 

Tyr Ala Ser Pro Gly Lys Tyr Thr Glu Val Arg Val Thr Val Leu Arg 



50 



55 60 



Gin Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 
65 ™ 75 80 

Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser lie Cys Thr Gly Thr Ser 
85 90 . 95 

Ser Gly Asn Gin Val Asn Leu Thr lie Gin Gly Leu Arg Ala Met Asp 



100 



105 



16 



T hr Sly .eu m U. c y ,^'v;, 0 l» - H.C ^ £ ™ ^ 

115 UO 

Tyr oiu ciy «. ciy »s„ W - °* ™ 116 " P PI ° G " 

y 13 5 

130 ... _ 

PrG cys Pro *sp Ser Asp Gin Cl. Pro Lys Ser Ser Asp ,ys ~. His 

14 5 ■ 150 ■ ■ 



Thr Ser Pro 



Pro Ser Pro Ala Pro- Glu Leu Leu Gly Gly Ser Ser Val 



16 5 



170. 



Phe L e» «„• Pro Pro Pro ,ys «p « * t :.. Ser M, Thr 

180 ■ 



pro Gta val Thr C ys * »1 -1 *sp Val Ser « i5 >sp P~ °1 V 

195 200 

_ •» „„n pin Val His Asn Ala Lys 
Val Lys Phe Asn Tip Tyr Val Asp Gly Val Glu .Val 

210 215 

T hr L y s Pro cl« lu.Oln Tyr » ser Thr Tyr Ar g v.! V.l Ser 

225. .230 

val * Thr v al «. His 0 ln Asp Trp «. *» «* £ ^ 

245 " U 



ys L ys V.1 ser Asn Lys Ma tt, « « IU Glu ,ys Thr lie 

.260 265 

!er Lys Ala Lys 31y Oln Pro Olu Pro «1_ Val Tyr Thr „. Pro 

275 280 

Pro ser «, -p 01. ^ Thr ^s - 01h v,l Ser - Thr Cys u» 

290 295 

n c«.r Ard lie Ala Val Glu Trp Glu Ser Asn 
Val Lys Gly Phe Tyr Pro Ser Asp lie Axa ^ 320 



305 310 



t tk. Thr Pro Pro Val Leu Asp Ser 
Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro ^ 

. 325 JJU 

6s p G ly ser Phe Phe Leu Tyr ser Ws Le» thr ».l »P ^ Ser Ar g 



17 



340 



345 



350 



c^r- Vai Met His Glu Ala Leu 
Trp Gin Gin Gly Asa Val Phe Ser ^-Ser Va. , . ^ 

355 



360 



aia X.. .HI. Tyr Thr 01* Ly, ■« - s er S« ,» «ly 

370 



375 



<210> 15 

<211> H52 

<212> DNA 

<213> Artificial Sequence 

<22 3> Description of Artificial 
<400> 15 

atgggtgtac tgctcacaca gaggacgctg 
agcatggcga gcatggcaat gcacgtggcc 
ggcatcgcta gctttgtgtg tgagtatgca 
acagtgcttc ggcaggctga cagccaggtg 
gggaatgagt tgaccttcct agatgattcc 
gtgaacctca ctatccaagg actgagggcc 
gagctcatgt acccaccgcc atactacgag 
attgatccag aaccgtgccc agattctgat 
acatccccac egtccccagc acctgaactc 
ccaaaaccca aggacaccct catgatctcc 
gacgtgagcc acgaagaccc tgaggtcaag 
cataatgcca agacaaagcc gcgggaggag 
gtcctcaccg tcctgcacca ggactggctg 
aacaaagccc tcccagcccc catcgagaaa 
gaaccacagg tgtacaccct gcccccatcc 
■ ctgacctgcc tggtcaaagg cttctatccc 
gggcagccgg agaacaacta caagaccacg 
ttcctctaca gcaagctcac cgtggacaag 
tgctccgtga tgcatgaggc tctgcacaac 



Sequence: L104EA2 9LIg 



ctcagtctgg 



cagcctgctg 
tctccaggca 
actgaagtct 
atctgcacgg 
atggacacgg 
ggcataggca 
caggagccca 

ctggggg9 at 
cggacccctg 
ttcaactggt 
cagtacaaca 
aatggcaagg 
accatctcca 
cgggatgagc 
agcgacatcg 
cctcccgtgc 
agcaggtggc 
cactacacgc 



tccttgcact 
tggtactggc 
aattgactga 
gtgcggcaac 



gcacctccag 
gactctacat 
acggaaccca 
aatcttctga 
cgtcagtctt 
aggtcacatg 
acgtggacgg 
gcacgtaccg 
agtacaagtg 
aagccaaagg 
tgaccaagaa 
ccgtggagtg 
tggactccga 
agcaggggaa 
agaagagcct 



cctgtttcca 
cagcagccga 
ggtccgggtg 
ctacatgatg 
tggaaatcaa 
ctgcaaggtg 
gatttatgta 
caaaactcac 
cctcttcccc 
cgtggtggtg 
cgtggaggtg 
tgtggtcagc 
caaggtctcc 
gcagccccga 
ccaggtcagc 
ggagagcaat 
cggctccttc 
cgtcttctca 
ctccctgtct 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 



18 



ccgggcaaat ga 



<210> 16." 

<211> 383 

<212> PRT 

<213> Artificial, Sequence 



f 2 lt ^cripcl^ o. ArtHici.! 

r« -u - Tbr 3!„ Aro T*r »» - ?.r «u Val - Ala 

i 5 



c Ala Ser Met Ala Met His Val Ala Gin Pro 

Leu Leu Phe Pro Ser Met Ala Ser n- 3Q 
20 Z3 

ala V al Val - Ala S» Ser fg 01, n. »U - « <*• 

35 

Tyr A!a ser Pro Cly L« — Val Ar g V f T„r v.! - ^ 



50 55 



G1 „ ,u u, ser 01„ v,l ™r - v.l " « - 

65 70 

01, As„ =1» - Thr. Phe »P »P - <*' ^ 

85 

se r 01, A» Oin val As„ L eu Thr II. 01. .1, - *» ^ " P 

100 

Thr ol, U. Tyr Ue Cys Lys val 0!u «. ^ Tyr Pro Pro Pro Tyr 

115 . l-u 

, ~u fin ne Tvr Val He Asp Pro Glu 
Tyr Glu Gly He Gly Asn Gly Thr Gin He Tyr ^ 

130 135 
Pro c,= P» »P S,r «P to- Pro Ly. ser Ser Asp Ly. Thr HI. 

145 150 

Thr ser Pro Pro ser Pro Ala Pro Olu - - S « ^ ^ 

165 



19 



„ t . a a=r- Thr Leu Met. lie Sar Arg Thr 
Phe Leu Phe Pro Pro. uys Pro Lys . Asp Thr 190 



180 • 135 



Vai -Val Val Asp Val Ser His Glu Asp Pro Glu 



Pro Glu Val Thr Cys --- ■ - 2 05 

■ ■ ' 1 9 5 ■' 200. 

V.1 L ys Phe Asn Trp Tyr Val Asp Gly V.l *. J- «• »» ^ ^ 

210. 2 j.5 

Thr Lys Pro Ar9 Ol.. Olu «. Thr Ty r Arg </al Val Ser 

225 230 



val Leu Thr val Leu His Gin Asp Trp Leu Asn 01, Lys clu Tyr Lys 

245 " U 

CY s Lys val ser Asn Lys ,1. Leu Pro Ma Pro He =lu Lys Thr lie 

260 265 



« Lys Ma Lys Gly Gin Pro Ar, 01. Pro Gin val tyr Thr Leu Pro 

275 280 

* *™ Glu Leu Thr Lys Asa Gin Val Ser Leu Thr Cys Leu 
Pro Ser Arg Asp Glu Leu inx uy ^ 

290 295 

Tlo val Glu Trp Glu Ser Asn 

Val Lvb Gly Phe Tyr Pro Ser Asp He Ala Val P ^ 

305 •* 310 ' 3 

t„= Thr Thr Pro Pro Val Leu Asp Ser 
Gly Gin Pro Glu Asa Asn Tyr Lys Thr Thr Pro ^ 

325 3JU 

„ Gly ser Phe Phe Leu Tyr Ser Lys Leu Thr Va! Asp Lys Ser «, 

340 . 34b 

Tr p Gin Oln Gly Asn Val Phe Ser Cys Ser val Met His Glu Ma Leu 



355 360 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu ser Pro Gly Lys 

370 375 



<210> 17 

<211> H52 

<212> DNA 

<213> Artificial Sequence 



20 



* 



<22 3> Description ot: Artincial bequa., 

:S; t9 tIc tgctcacac, gagga= g c tg «ca gtCI gg «==«*="' 

^ t9Stact99c ca9ca9CC9a 

'■■ . aaactactga ggtccgggtg 

ggcatcgcta gctttgtgtg tgagtatgca t^qcagg... 

acag tg « t c ggcaggctga cagccaggtg a« g a.g t « gtgc^aac — ^ 
g ggaa t gag t ^=«c=t aga.gatccc a t c tg cacgg gcacctccag .ggaaa.caa 
gtg aacc t ca c^ccaagg ac.g.gggcc a.ggacacgg S — ^ 
. gagctc.tgt -ccaccgcc atac.cgag ggcataggc. a.ggaaccca g at tt at gC a 
, tt ga t cc. g a.ccg C gccc aga tC = t ga C caggagccca aaccctc.g. caaaactca. 
aca.ccccac cg—agc acctgaactc c.gggggg- cgtcagt^ e=te«.=cc 
c= aaaaccc. . g ga=.c~ t a g gt=a« t g c gtg g C gg t g 

gacgtgagcc ac 9 aaga=cc tg a g g C =a.g «=~^ — * 
c a»a t gcc. agacaaagcc gcggg.ggag c.gtacaaca gcaegtaccg tgcgg^c 
gtc e t ca=cg tcCgeac.a ggaetggctg aatggca.gg .gc.c.agcg caagg.cccc 
aaeaaagccc ccccagcccc ca.cgaga.a acca.c.cca aagccaaagg gcagccecga 
gaaccacag.- tgt aca=cet gc«=ca t =c C ggg. C gag= ^ccaagaa ==a ggt c,ge 
ctgacctgcc tgg-aagg ctctatccc agcgac.tcg ccgcgga^g 
gggcagccgg agaacaacta caag.ccaeg cctcccgtgc t ggac C ccg. cggctcc.tc 
tt cc t =taca g=aag= t =a= cgtggacaag. agcagg.ggc agca ggg gaa cgccctctca 
tg c tC c gt ga tg ca Cg a 9 g= tctgcacaac «*-*.^ «"" 3CSt 
ccgggtaaat ga 

<210> 18 

<211> 383 

<212> PRT 

<213> Artificial Sequence 

<220> e . > a i epnuence: L104EA2?TIg 

<223> Description of Artificial Sequence.. 

<400> 18 

o^y- t.pu Val Leu Ala 
Met . Gly val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu 



60 
12 0 
ISO 
240 
300 
3 60 ■ 
420 
480 
540 
60 0 
660 
72 0 
780 
840 
900 
960 
1020 
1080 
1140 
1152 



21 



.., -His Val Ala Gin Pro 

Leu Leu Phe Pro Ser Met Ma Ser Met <ua ^ 3 d , 



2 0 



Ala 



Ser Ser Arg Gly He Ala Ser Phe Val 



Val Val Leu Ala Ser Ser *rg — -.. 45 



35 



40 



T yr Ala Ser Pro <*j.y u,= 

50 55 

jij Thr Tvr Met Met 
Gln Ma Asp s« Gin v,l T hr alu val <r- »» B0 

55 . '° 

• ' • Tl o rvq Thr Glv Thr Ser 
Gly Asn Glu Leu. Thr -Phe Leu Asp Asp Ser lie cys 

1 85 

Olv.n «, - — - - - G1 V - ^ - - - 

100 



^ 0l y ,eu Ty r Ue c yS v.i «- - ~ ~ 3 ™ "° ^ 

115 

tto Tvr Val He Asp Pro Glu 
Tyr Glu Gly lie Gly Asn Gly Thr Gin He Tyr Val . 

130 

— . " Qpr Ser Asp Lys Thr His 
Pro Cys Pro Asp ser Asp Gin Glu Pro Lys Ser ser 

145 150 

Thr Pro K o S« Pro Ala Pr= «. - - °» * '« £ V " 

165 

Thr Leu Met He Ser Arg Thr 
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 
180 

Pro clu V,! T« <*. v.! val val M p val *r ,is Clu Asp P~ «. 

195 

rl- Val His Asn Ala Lys 
Val Lys Phe Asn Trp Tyr Val Asp Gly Val Gl. Va Q 

210 215 
Thr WS «o *, Olu 01U OXn »~ S« rtr.Tyr « Val V.l - 

^r- 230 

225 



22 



Val 'Leu Thr Val Leu His Gin Asp Trp Leu 



Trp Leu ^sn Gly Lys Glu Tyr Lys 



255 



245 

Tie -Glu Lys Thr He 
Asn Lys Ma lcu ru^ . * ■ 

■ -ire 

26 0 



Cy3 L ys val Ser Mr, Lys Ma Leu Pro Ala Pro ^ 



,„ Lys Ala Lys «1, *. r~ to. m >« «• %- ** 

275 280 



Pro ser « g «p al« Lee T,r Lys *» Oln Val Bjr Leu Tar.Cys Leu . 

.290 . . 295 . . 

Ma val Glu Trp Glu Ser Asn 
Val Lvs Gly Phe Tyr Pro Ser Asp xle Ala Val Glu P ^ 

305 " . . 310 

rvur Thr Pro Pro Val Leu Asp Ser 
Glv Gin Pro Glu Asa Asn Tyr Lys Thr Thr Pr. Pro ^ 

325 J3U 

Asp 3!y Ser P*e ». Leu Tyr Ser Lys Leu Thr val „p Lys Ser « g 

340 i4b 

Trp Bin Clu 01, ». val Phe ser Cys Ser val He, His Glu Ala Leu 
355 360 

Hi. *sn His Tyr T,r Oln Lys Ser Leu ser Leu Ser Pro =ly Lys 

370 375 

<210> 19 
<211> H52 
<212> DNA 

<213> Artificial Sequence 

<220> . . n o^mi^nrp* L104EA29WIg 

<223> Description of Artificial Sequence. Liu* 

&2c t 9 ct=aoaca g a g9 .c g = t9 «ca g tct g9 toe**.* cegtitec. 
a 9 =a t9g c g a ^«*-t .«MP .^ctge* c. 9 =a g cc g a 
g9 o.t= 9 eta gctttgtgtg tg , 9 ta tg ca t e,=ca 9g =a aat 9g act g a g9t cc g9gtg 
,c, gtg c«c 9g ca 9g ct 9 a ca 9 coa ggt9 ao C9 aa 9 tet 

g99 aat g a 9 t Cg ac«t=cr a 9 ,t 9 at t cc a t = tg =ac g9 9 cac<=t=ca 9 r g9 aaat 



caa 



60 
12 0 
180 
240 
300 



^aaacacgg Qact.ctacat ctgcaaggtg 
qtgaacctca ctatccaagg actgagggcc atgga.acgg _ 

aa-ataqqca acggaaccca gatttatgta- 
qagctcatgt acccaccgcc atactacgag gg.acaggc 

" ^ -at-rt-rc'taa caaaactcac 

1 -ni-raatctt cctcttcccc, 

acatccccac c g t==c=a g = ac=t g .a«= c^Wt 

r „ rta aaqtcacatg cgtggtggtg 

ccaaaaccca aggacaccct catg.tct.c egg 

rt-rpaccqgt acgtggacgg cgtggaggtg 
gaegtgagee acgaagaccc tgaggtcaag cccaaccggt 

ran , acaaca gcacgtaccg tgtggtcagc ■ 
cataatgeca agacaaagee gegggaggag cagta.aa.* g 

' ' - aa i- a3 caaaq agtacaagtg caaggtctcc 
gtcctcaccg tcctgcacca ggactggctg aatggcaagg 

^ ratctcca aagecaaagg gcagccccga 
aacaaagccc tcccagcccc catcgagaaa accatctcca 

gaaccaCa gg .tacacc. eccccca.ee egggatgage tgaccaagaa ccaggtcagc 
ctgacCt gcc tggtcaaagg c^ccc agegacateg ccgtggagtg ^agagcaat 
gg g C agccgg agaacaacta caagaccacg cctcccgtgc tggactccga cggctccttc 
ttcc tctaca gcaagctcac cgtggacaag agcaggtggc agcaggggaa cgtcttctca 

tgc tccgtga tgeatgagge tctgcacaac cactacacgc agaagagect, ctccctgtct 

ccgggtaaat ga 

<210> 20 
<211> 383 
<212> PRT 

<213> Artificial Sequence 

oescription of Artificial sequence: ,104E A29 WXg. 

■ 1 ■ ■ ' 5 

c Met Ala Ser Met Ala Met His Val Ala Gin Pro 
Leu Leu Phe Pro Ser Met Ala ser me 3Q 

20 " 

a!, ser Ser Arg Gly He Ma Ser Phe Val Cys Olu 
Ala Val Val Leu Ala Ser Ser Arg v> y 45 

35 

p G lv Lvs Trp Thr Glu Val Arg Val Thr Val Leu Arg 
Tyr Ala Ser Pro Gly Lys irp 6Q 

50 55 



420 . 
430 
540 
600'..' 
. 65 0 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1152 



24 



GTr Ala Asp Sec Gin Vai Thr. Glu Val Cys Ala Ala Thr Tyr- Met Met 

65 ■ 70 75 . . • 30 

Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser He Cys Thr Gly Thr Ser 
85 90 " 



Ser Glv Asn Gin' Val Asn Leu . Thr He Gin Gly Leu Arg Ala Met Asp 
100 105 110 



Th 



ir Gly Leu Tyr He. Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 



115 " 120 125 



Tyr Glu Gly lie Gly Asn Gly Thr Gin He Tyr Val He. Asp Pro Glu 
130 135 140 

Pro Cys Pro Asp Ser. Asp Gin Glu Pro Lys Ser Ser Asp Lys. Thr His 
145 . 150 155 160 

Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165 . 170 I 75 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr 
.180 185 190 

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu 
195 200 205 

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 

Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 

225 230 235 240- 

Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
245 250 255 

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr He 
260 265 270 

Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 280 285 

Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 



25 



, 300 

29$ 

2 9.0 

. ,v"i rlu Trp Glu.S.er . Asn 
- Tvf Pro Ser Asp lie Ala Val Olu .rp . ^ 

Val uys oljr ^ 31Q ■ 3xa 

3 2 5 

340 

t'Wl Met His Glu Ala Leu 
. Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met 

Tip Gl n J 360 

355 

370 



<210> 21 
<211> 65 



<212> DNA 

<213> Homo sapiens 



qCC 



cagcc 



<210> 22 

<211> 33 

<212> DNA 

<213> Homo sa P iens 



60 



, cact cctgtttcca agcatggcga gcatggcaat gcacgtgg 
ctcagtctgg tccttgcact cctgttr ^ 



33 



<210> 23 

<211> 72 

<212> DNA 

<213> Homo sapiens 

<400> 23 . aatgggtgta ctgctcacac agaggacgct gctcagtctg 60 

ctagccactg aagcttcacc aatgggtg y ^ 

gtccttgcac tc 



<210> 24 
<211> 33 
<212> DNA 



26 



213> Homo sapiens 

400> 24 ■ 33 

f caatgcacg- tggcccagcc tgctgnggta gt* 



:210> 25 

<211> 45 

<212> DNA ■ 

<213> Homo sapiens 

-*t=t*.t= : «tt,«»9 .«aaa,taa ««, 



<210> 26 

<211> 39 

<212> DNA 

<213> Artificial Sequence 

<220> ' . -e^^n^t Qncostatin M signal peptide f 



<223> Description of Artificial Sequence: 
orward primer 



<400> 26 39 



ctagccactg aagcttcacc atgggtgtac tgctcacac 



<210> 27 

<211> 39 

<212> DNA 

<213> Artificial Sequence 

< 220> ■ nf artificial Sequence: Oncostatin M signal peptide i 

<223> Description of Artiticiai ^ 4 
everse primer 

tggcatgggc tcctgatcag gcttagaagg tccgggaaa 



<210> 28 

<211> 39 

<212> DNA 

<213> Artificial Sequence 

<220> ^ w w'firiai' Seauence * Oncostatin M signal peptide 

<223> Description of Artificial Sequence. 

everse primer 
Jttgggctcc tgatcaggaa aatgctcttg cttggttgt v 



<210> 29 
<211> 84 
<212> DNA 



27 



<213> Artificial Sequence 



««•<» 29 . .: . ™„„ a „cc aaat=«ct g acaaaactca cacetcecca 



60 

„ __ acaaaactca — -- 

aagcaagagc attttcctga tcaggagcc ^ 

ccgtccccag cacctgaact cctg 



<210> 30 

<211> 41 

<212> DNA 

<213> Artificial Sequence 

<220> _ _ Mf-ial Sequence: Human IgCgammal reverse prime 

<2 23> Description o£ Artif-ial Seque 



cttcgaccag tctagaagca tcctcgtgcg accgcgagag 



<210> 31 

<211> 47 

<212> DNA 

<213> Artificial Sequence 



Sit*, Description of «ti«ei.l seance, C05. 9 fo«.rd 
Caracas t««="=e atgcccatgg gttct«ggc caccttg 

<210> 32 
<211> 39 
<212> DNA 

<213> Artificial Sequence 

:f 2 r> cesoription of artificial S e ,uence: »«, "verse primer 
Itcc^agtg c.gt g «c.t tt^atoctg gcatgtgac 



<210> 33 

<211> 18 

<:212> DNA 

<213> Artificial Sequence 

<220> • t-'-nn nf Artificial Sequence: CDM8 forward primer 

<223> Description- of Artiri^xcix ^ 



41 



47 



3 9 



2 8 



<400>. 33 IB 
aatacgactc actatagg 



<210> 34 

<211> 13 

<212> DNA 

<213> Artificial Sequence 

<?20> *.-^\f .vHfvHal s-auencs: CDM3 reverse - primer 

<223> Description of ArLiaciai ^qu^u^ 

<400> 34 18 
caccacactg tattaacc 



<210> 35 

<211> 6 

<212> PRT . 

<213> . Artificial Sequence 

<223> Description of Artificial Sequence: CTLA4/CD2 8 
<400> 35 

Met Tyr Pro Pro Pro Tyr 



<210> 36 

<211> 6 

<212> PRT 

<213> Artificial Sequence 

Mil Description of Artificial Sequence: CTLA4 Ig mutant fusion protein 

<400> 36 

Ala Tyr Pro Pro Pro Tyr 
1 5 



<210> 37 

<211> 6 

<212> PRT 

<213> Artificial Sequence 

lilt Description of Artificial Sequence: CTLA4Ig mutant fusion protein 

<400> 37 

Met Ala Pro Pro Pro Tyr 
1 * 



29 



<210> 33 
<211> . 6 



<212> ERT 

<213> Artificial Sequence 

<220> ..... CeffllM , e . CTLA4IQ mutant fusion protein 

<223> Description of Artificial Sequence, ULA ^ 

<400> 38 

Met Tyr. Ala Pro Fro Tyr 



<210> 3 9 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

Description of tetifici.! s.^e, CttMIg ™t,nt fusion protein 

<400> 39 

Met Tyr Pro Ala Pro Tyr 



<210> 40- 

<211> 6 

<212> PRT 

<213> Artificial. Sequence 

<220> . . f z^ficial Sequence: CTLA4/CD2BIg mutant fusion pr 

<223> Description of Artificial sequei 

otein 
<400> 40 

Met Tyr Pro Pro Ala Tyr 



<210> 41 

<211> 6 

<212> PRT 

<213> Artificial Sequence 

<220> • i Conllpnro . cTLA4/CD28Ig mutant fusion pr 

<223> Description of Artificial Sequence- ^/ 

otein 
<400> 41 

Met Tyr Pro Pro Pro Ala 



30 



<2\0> 4 2 

<:2ll> 6 

<212> PRT 

<213> Artificial Sequence 



<220> " ■ , Seaue nce: CTLA4Ig -mutant fusion protein 

<223> .Description .of Artificial Sequence 



<400> 42 

Ala Ala Pro Pro Pro Tyr 



<210> 43 

<211> &8 

<212> DNA 

<213> Artificial Sequence 

<220> , 

<223> k is either c, g or t 

<220> 

<221> misc_feature 

<222> (28).. (29) 

<223> n is either a, c, 9 or t 



<220> 

<221> misc_f eature 

<222> (30) . . (30) 

<223> k is either c, g or t 



<220> 

<221> misc_f eature 

<222> (31) . • (32) 

<223> n is either a, c, g or t 



<220> 

<221> misc_feature 

<222> (33) . . (33) 

<223> k is either c, g or t 



<220> 

<22i> misc_f eature 

<222> (34) . . (35) 

<223> n is either a, c, g or t 



<220> 

<221> misc_feature 
<222> (36) (36) 



31 



<223> k is either c; 9 



or 



<22Q> 

^ 2 1> misc_feature 

<2 22> (37).. (38) 

<223> n is either a, c, 9 or .t 



<220> 

<221> misc_feature 

<22 2> (39) -.(39) 

<2 23> k is either c, g or t 



<220> : . 

<22 1> misc_feature 

<222> (40) . • (41) . 

<2 23> n. is either a, c g or t 



<220> 

<221> misc_feature 

<222> (42).. (42) ; 

*223> k is either c g or .t 



<220> 

<221> misc_feature 

<222> <«):. (44) or t 

<2 23> n is either a, c, g 



<220> 

<221> misc_feature 

<222> (45) ..U5) 

<223> k is either c, g or t 



<220> 

<221> roisc_feature 

<222> ^ ) - AA t ll T a c g or t 

<223> n is either a, C g 



<220> 

<221> misc_feature 

<2 22> (48) . - (48) ■ 

<223> k is either c, g or t 



<220> 

<2 21> misc_feature 

<222> (49) ■ • (50) 

<223> n is either a, c g or t 



32 



<220> _ 

< 2 2 1 > mi.3C__f eature 

<222> (51) - - (51) ' 

<223> k is either c , g or t 

< 400> 43 ' at-tqaqnnic nnknnknnkn nknnknnknn kgaggtccgg 60 

c'gaggcatcg ctagctttgu gt^tgagnn,. 

6 8 

gtgacagt 



<210> 44 

<211> 59 

<212> DMA 

<213> Artificial Sequence 

<220> . r ^ n of Artificial Sequence: Phage display reverse .primer 

■ <223> Description or Artiricidi 

<400> 44 ' _ n , raarcta r cqaagcactg tcacccgga 5 

ggttgccgca cagacttcgg tcacctgg.ct gtcagcctg- cga g 



<210> 45 

<211> 8 

<212> PRT 

<213> Artificial Sequence 

<220> . - . , Cort , lpTirp . CTLA4 mutant 

<223> Description of Artificial Sequence. 

<400>. 45 

Phe Glu Pro Lys Arg Gly Val Gin 



<210> 46 

<211> 8 

<212> PRT 

<213> Artificial Sequence 

<220> • p -Hfi rial Sequence: CTLA4 mutant 

<223> Description of Artificial ^quc 

<400> 46 

Trp Asp Gin Tyr Thr Gly Tyr Gly 



<210> 47 

<211> 8 

<212> PRT 

<213> Artificial Sequence 



33 



1 ' TTLA4 mutant 

<220> . _ of - Arc i-ficial Sequence:. 

<223>. Descriptive or 

<400> 47 

■n « Ma rvr. Arg-Asn Gin Gin 
Trp Asp Aia -» ^_ 



<210> 46 ' 
<211> 8 

IS Sificial Sequence 

' ^ . rTLA4 mutant 



< 



:400> 



48. 



<210> 49 

f 2 ir> £tif ici.1 Sequence 

rTlA4 mutant 

<400> 49 

His Val Ser Arg Arg 
• TrP Asp Gin His va 

1 



<210> 50 
<400> 50 

;.„■ »U »<> f M " 

1 



34 





SEQUENCE LISTING 



<110> 



Linsley, Peter S'. 
Ledbe tter, Je f f rev 
Bajorath, Jurgen 



A 



Peach, Robert J . 
Brady, William, 
Wallace/ Philip 
Damle, Nit in K 

<120> SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 

<130> 30436-30USI2 

<140> 09/609, 915 . 
<141> 2000-07-03 

<150> 07/723, 617 
<151> 1991-06-27 

<:150> 08/008,898 
<151> 1993-01-22 

<150> 08/228,208 
<151> 1994-04-15 

<150> 08/539,436 
<151> 1995-10-05 

<150> 09/014,761 
<151> 1998-01-28 

<150> 09/603,825 
<151> .2000-06-26 

<150> 60/036,594 
<151> 1997-01-31 

<160> 50 

<170> Patentln version 3.1 

<210> 1 

<211> 636 

<212> DNA 

<213> Homo sapiens 

<400> 1 

atgggtgtac tgctcacaca gaggacgctg ctcagtctgg tccttgcact cctgtttcca 
agcatggcga gcatggcaat gcacgtgigcc cagcctgctg tggtactggc cagcagccga 
ggcatcgcca gctttgtgtg tgagtatgca tctccaggca aagccactga ggtccgggtg 
acagtgcttc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 
gggaatgagt tgaccttcct agatgattcc atctgcacgg gcacctccag tggaaatcaa 



1 



^■,n-acqg gactctacat ctgcaaggr-9 ■ JDU 
gtgaacc-a ctatccaagg actgagggpc at g s«,ac 3 g . ^ 42 , 

' r > t , c , a . c tg ggcataggca acggaaccca f atc.atgt 

gagctcatgt acccaccgcc at-cta-c-g gg t . 48 0 

' „.t-W ttcctcctct ggatccttgc- agcagttagt 

attgatccag aaccgtgccc agatt^ga* . . 

, ... cttcqagcaa aatgctaaag 
:tgt ttttttatag. ctttctcctc acagctgtct cttcg 

ig aagcc ctcttacaac aggggtctat gtgaaaatgc ccc 
gaaaagcaat -ttcagcctta 



:cggggttgt .tttttcawg arc - qaa tgt 600 

:c caacaga gcc«gaatgi- 

aaaagaagcc cuua,.u. 636 

ttttattccc atcaat ■ 



<210> 2 

<211> 212 

<212> PRT 

<213> Homo sapiens 

« ^ - * OXn « * ^ - - «1 - - 

1 5 

wu P,e « «f ^ » 

20 

^ qer Ser Arg Gly He Ala Ser Phe Val Cys Glu 
Ala Val Val Leu Ala Ser Ser Arg > 45 



35 



Tyr Ala Ser Pro 



Gly WS *Xa TK «u Val « V.1 VaX «. « 



50 55 

_ ^ Ala Thr xvr Met Met 
Oln «- .-P « Gin Val T hr Glu Val c y s £, ^ 80 

6 5 

Rcr1 qer Ile cys Thr Gly Thr Ser 
Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser 

ser Gly „ 31» Val - - <** ^ £ ~ " 

100 



ThI 01y ,e U ^ XX. «. * - - - ~< - - *» - ^ 

115 1 

Gly h. .Xy », «, T*. OXP ne ^ Val XX. >sp P» - 



Tyr Leu Gly ue — - * 
130 135 



2 



Pro Cys Pro Asp Ser Asp Phe Leu 
• 145 ■ 150 • 



Ser Gly Leu Phe Phe Tyr Ser Phe 
165 



Lys Met Leu Lys Lys Arg Ser Pro 
180 



Met Pro Pro Thr Glu Pro Glu Cys 
.195 200 



He Pro He Asn 
210 



Leu Trp' He Leu Ala Ala. Val. Ser 
155 160 



Leu Leu .Thr Ala Val Ser Leu Ser 
170 175 



Leu Thr Thr Gly Val Tyr Val Lys 
135 190 



Glu Lys Gin Phe Gin Pro Tyr Phe 
205 



<210> 3 

<211> 223 

<212> PRT 

<213> Homo sapiens 

<400> 3 

Met Ala Cys Leu Gly Phe Gin Arg His Lys Ala Gin Leu Asn Leu Ala 
1 5 10 15 



Ala Arg Thr Trp Pro Cys Thr Leu Leu Phe Phe Leu Leu Phe He Pro 
20 25 30 



Val Phe Cys Lys Ala Met His Val Ala Gin Pro Ala Val Val Leu Ala 
35 . 40 45 



Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu Tyr Ala Ser Pro Gly 
50 55 60 



Lys Ala Thr Glu Val Arg. Val Thr Val Leu Arg Gin Ala Asp Ser Gin. 
65 70 75 80 



Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met Gly Asn Glu Leu Thr 
85 90 95 



?he Leu Asp Asp Ser He Cys Thr Gly Thr Ser Ser Gly Asn Gin Val 
100 105 110 



Asn Leu Thr He Gin . Gly Leu Arg Ala Met Asp Thr Gly Leu Tyr He 
115 120 125 



3 



T^r-n Tvr Tyr Leu GxV 
■ f — Val Glu Leu Met .ryi Pro i - - Q 
.Cys Ly^ vai ^ 135 
130 

6sn Gly Thr Gin He .T/r v 155 

; 145 

, „ Giy Leu Phe Phe 

Asp Pbe Leu Leu 170 

t»u se- Lys Met Leu Lys Lys 
" ■ ' v, t p „ Leu Thr Ala Val Ser Leu Se- W 
Tvr Ser Phe Leu. Leu l8El 
* 180 

,4=1- oro Pro Thr Glu 



Arg Ser Pro — 2Q0 

195 



m 01. cys oi« Ly. .«,!» £ ■«»- "° Tyr 22 o 

210 



<210> 4 

<211> 223 

<212> PRT 

<213> Mus ™is cuius 



Phe He Pro lie "Ash 



400> 4 rl n leu Gin Leu Pro 

w ^ «v « « ° 15 



Met - 

ser B3 Thr Trp Pro Phe Val Ala Leu Leu Thr Leu ^ Ile 1,10 

35 



Phe Pro cys Glu Tyr Ser Pro Ser His 



serSer „isGlyTyr M aSer,Phe-w- M 

50 



Val Arg Val Thr Val Leu Arg Gin Thr.Asn Asp Gin. 
Asn Thr Asp Glu Val Arg " 



70 
65 



Ma Thr Thr Phe Thr Glu Lys Ash Thr val Gly 
„et Thr Glu val Cys Ala Thr ^ 



4 



Phe Leu Asp. Tyr Pro Phe V Ser Gly^rPhe Abb Glu Ser Arg Val 

too . 105 

A sn Leu Thr lie Gin. Gly Leu Arg A.la Val Asp Thr Gly Leu Tyr Leu 



115 



.120 



Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr Phe Val Gly Met. Gly 

130 135 

Asn Gly Thr Gin lie Tyr Tyr He Asp Pro Glu Pro Cys Pro Asp Ser. 

.145 ' ' 150 : 

As p Phe Leu Leu Tr^ Tie Leu Tyr Ala Val Ser Leu Gly Leu Phe Phe 

■ 165 170 . 



Tyr Ser Phe Leu Val Ser Ala Val Ser Leu Ser Lys Met Leu Lys Lys 

130. 185 

Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lys Met Pro Pro Thr Glu 

195 200 

Pro Glu Cys Glu Lys Gin Phe Gin Pro Tyr Phe lie Pro lie Asn 



210 



215 



<210> 5 
<211> 218 
<212> PRT 



<213> Mus musculus 
<400> 5 

Met Thr Leu Arg Leu Leu Phe Leu Ala Leu Asn Phe Phe Ser Val Gin 
.1 5 10 



Val Thr Glu Asn. Lys lie Leu Val Lys Gin Ser Pro Leu Leu Tyr Val 
20 25 

*»p Ser Asn Glu Val Ser Leu Ser Cys. Arg Tyr Ser Tyr Asn Leu Leu 

' . .35 . 40 . 45 

Ala Lys Glu Phe Arg Ala Ser Leu Tyr Lys Gly Vai Asn Ser. Asp Val 



55 *° 



50 

Glu Val Cys Val Gly Asn Gly Asn Phe Thr. Tyr Gin Pro Gin Phe Arg 



65 



70 



75 



5 



• ■ M . Glu Pte », c ys asP ^ -sp «*; »» «» If val 

Ser Asn Ala Oxu r 90 ■ . 

„.« Val ^sn His Thr . Asp He Tyr Phe 
^ avo Leu Trp Asn Leu. His Val Asn 
Thr Phe Arg Leu. iL ^ 105 . 

100 

„ Tvr Leu Asp Asn. Glu Arg 
.ys XI. ». «t Tyr P««o "° ^ u ? 

115 ' 

x , 1Y Thr m n. His «. « CYS HiS 

Ser Asn Gly mr xx<= 135 , 14U 

130 



" Phe cys XV, *, - - - »r £ - - - - 

165 

.,„. Va i Thr Tyr Met Asn Met 
Arg Asn Arg. Leu Leu Gin Val Thr y ^ 

185 

Pro oly Leu Thr Arg Lys Pro Tyr Oln Pro Tyr Ala 



LSU - - 165 



Thr Asn Ser Arg Arg Asn — 
180 



Thr Pro Arg Arg 
195 



Pr o Ala Arg Asp Phe Ala Ala Tyr Arg *» 
210 



<210> 6 

<211> 21 8 

<212> PRT . H 

<213> Rattus norvegicus 

<400> 6 y-.-i n 

i 5 



Pro Leu Leu Val Tyr 



Val Thr Glu Asn Lys lie ^ ^ 
20 



lie Leu Val Lys Gin Ser ^ 



* •„ itv/y* ser Tyr Asn Leu Leu 
Asp Asn Asn Glu Val Ser Leu Ser Cys Arg Tyr Ser ^Y 



3 5 



Ala Lys Glu Phe Arg Ala Ser Leu Tyr Lys Gly Val Ash Ser Asp Val 
50 55 • 60 



Glu Val Cys Val Gly Asa Gly Asn -Phe Thr Tyr Glri Pro Gin , Phe Arg 
65 ",70 7.5 . 30 



Pro Asn Val Gly Phe Asn Cys. Asp Gly Asn Phe . Asp Asn.. Glu Thr Val 
85 90. ' 95 



Thr Phe Arg Leu Trp Asn Leu Asp Val Asn His Tl>r Asp lie Tyr Phe 
. 100 * 105 HO 



Cys Lys lie; Glu Val Met Tyr Pro Pro Pro Tyr. Leu Asp Asn Glu. Lys 
115 120 125 



Ser Asn Gly Thr He He His He Lys Glu Lys His Leu ".Cys- His Ala 
130 135 . 140 



Gin Thr Ser Pro Lys Leu Phe Trp Pro Leu Val Val Val Ala Gly Val 
145- 150 155 . 160 



Leu Leu Cys Tyr Gly Leu Leu Tyr Thr Val Thr Leu Cys He He Trp 
165 170 175 



Thr Asn Ser Arg Arg Asn Arg Leu Leu Gin Ser Asp Tyr Met Asn Met 
180 185 190 



Thr Pro Arg Arg Leu Gly Pro Thr Arg Lys His Tyr Gin Pro Tyr Ala 
195 200 . 205 



Pro Ala Arg Asp Phe Ala Ala Tyr Arg Pro 
210 215 



<210> 7 

<211> 220 

<212> PRT 

<213> Homo sapiens 

<400> 7 

Met Leu Arg Leu Leu Leu Ala Leu Asn Leu Phe Pro Ser He Gin Val 
1 5 10 15 



Thr Gly Asn Lys He Leu Val Lys Gin Ser Pro Met Leu Val Ala Tyr 
20 25 30 



7 



. ~ r -Tvr opr Tvr A:sn Leu Phe Ser 
Asp Asn Ala Tyr .Asn Leu Ser (-ys.Lvs i>r -e. T, ^ . 

35 40 

Mg alo *i Ma' s.r * Kis iy. «r «« J* S« >la V.l«» 

50 55 

Val Cys valval Tyr Gly Asn Tyr Ser Gin Gin Leu Glh Val Tvr Ser 

7 0 

65 . 7J 



' • - a or- -iv Tvs Leu Gly Asn Glu Ser Val Thr 
Lvs Thr Gly Phe Asn Cys Asp «ly Lys Lea o.y . ^ 

85 9 . 

phe ^ Leu Cln Asn u» Tyr val As„ .It th. »sp He Tyr Ph. Cys 

100 iUb 

Lys n. «, val Mat Tyr Pro Pro Pro Tyr L«.«P ». *» L,s S K 

115 120 

ftsn Oly Thr tt. «. Hi, val Lys oly Lys His JJU Cys Pro S.r Pr, 

130 135 

t^v,o Tm Val Leu Val Val Val Gly 
Phe Pro Gly Pro Ser Lys Pro Phe Trp Val Leu 160 



Leu 

145 150 



r Thr Val Ala . Phe lie He 

j. yJ . - 

165 



Gly val Leu Ala Cys Tyr Ser Leu Leu Ty. .- ^ s 



Phe Trp Val Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met 

180 185 

Asn Met Thr Pro Arg Arg Pro dy Pro Thr Arg Lys His Tyr Gin Pro. 



195 200 



,r Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser 



Tyx 

210 215 



<210> 8 

<211> 221 

<212> PRT 

<213> Gallus gallus 



<400> 8 



8 



Met Leu'Gly He Leu Val Val Leu Cys Leu He Pro Ala Ala Asp Val 
"l 5 ' 10 ■ 15 



Thr Glu Asn Lys -He Leu Val Ala Gin Arg Pro Leu Leu He Val Ala 
20 2 5 3 0 



Asn Arg Thr Ala Thr Leu Val Cys Asn Tyr Thr. Tyr Asn Gly Thr Gly 
35 .40 45 



Lys Glu Phe Arg Ala Ser Leu His Lys Gly Thr Asp Ser Ala Val Glu 
50 55 .60 



Val Cys Phe lie Ser Trp Asn Met Thr Lys lie Asn Ser Asn Ser Asn 
65 . 70 75 80 



Lys Glu Phe Asn Cys Arg Gly lie His Asp Lys Asp Lys Val He Phe 
85 90 95 . 



Asn Leu Trp Asn Met Ser Ala Ser Gin Thr Asp He Tyr Phe Cys Lys 
100 105 HO 



Tie Glu Ala Met Tyr Pro Pro Pro Tyr Val Tyr Asn Glu Lys Ser Asn 
115 . 120 125 



Gly Thr Val lie His Tyr Arg Glu Thr Pro He Gin Thr Gin Glu Pro 
130 135 140. 



Glu Ser Ala Thr Ser Tyr Trp Val Met Tyr Ala Val Thr Gly Leu Leu 
145 .150 155 160 



Gly Phe Tyr . Ser Met Leu lie Thr Ala Val Phe He He Tyr Arg Gin 
165 170 175 



Lys Ser Lys Arg Asn Arg Tyr Arg Gin Ser Asp Tyr Met Asn Met Thr 
180 185 190 



Pro Arg His Pro Pro His Gin Lys Asn Lys Gly Tyr Pro Ser Tyr Ala 
195 200 205 



Pro Thr Arg Asp tyr Thr Ala Tyr Arg Ser Trp Gin Pro 
210 215 220 



<210> 9 



9 



«211> 1152 

<212> DNA 

■<213> Artificial Sequence 



<220> . ■ , f a-Hficial Sequence": CTIAIIg. 

<223> Description of A^iticiai h 

<400> 9 ^-t-^ rtcaqtctgg tccttgcact cctgtttcca 

atgggtgtac tgctcacaca gaggacg.tg ct.agtc gg 

agcatggcga gcatggcaat gcacgtggcc cagcctgctg tggta.tggc cagcagccga 
ggc.tcgcta gctctgtgtg -.ccagg.a aagc.accga ggt.cgggtg 

acagtgcctc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 
gggaatgagt tgaccttc.t ag,t 4 attcc acctgcacgg gcacccccag tggaaatcaa 
atga , cctt a ™ actgagggcc atggacacgg gactctacat ctgcaaggtg 
g agctcatgt acccaccgcc at—eg ggcataggca acggaaccca gatttatgta 
attgatccag aaccgtgccc agattctgat c.ggag=c=a a-ttctga .aaa.ctcac 
acatccccac cgt.cccc.gc a.ctgaaccc ctgggtggat ct««tctt cct.tt.ccc 
ccaaaaccca aggacaccct catgat.tcc cgga..c.tg aggtcac.tg cgtggtggtg 
gacgtgag.c acg.ag.cc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg 
cata.tg.ca agacaaagcc gcgggagg.g 

g c..t.a.cg tc.tg.a.ca ggactggctg aatgg.aagg agta.aagtg caaggtctcc 
aacaaagccc tcccag.cc catcgag.aa ac.atctcca aagccaaagg g.agccga 
9 aa.cacagg tgtacaccct gcccccatcc cgggatgagc tgaccaag.a ccaggt.agc 
ctgacctgcc tggtcaaagg ctt.tatccc agcga.atcg ccgtggagtg ggagagcaat 
. gggcagccgg agaacaacta caagac.a.g cctcccgtg. tgg.ctccga cggctcctt. 

ttcctctaca gcaagctcae cgtggacaag agc.ggtggc agcaggggaa cgtctt.tc, 

tgctcgtga tgcatgagg* tctgc.caac ca.ta.a.g. 

ccgggtaaat ga 



. 60 
120 
180 
240 
3 00 
360 
420 
480 
540 
600. 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1152 



<210> 10 
<211> 383 



<212> PRT 

<213> Artificial Sequence 

<220> u ... . i cpmience: CTLA4lg 

<223> Description of Artificial Sequence. 



10 



<4 00> 10 

„ hT . r , n ar g- Thr Leu Leu Ser Leu Val Leu Ala 
Met Gly val Leu. ueu ihr G.n .aij - lr ^= 15 

!■■ b 

Eeu Leu Ph. Pro Bar Met Ma Ser Met Ma Met His val Ala Gl„ Pro 

20 25 

Ala v,l val Leu Ala 8.T ser , Cly He .Ma Ser Phe Val Cys Glu 

4 0 

3 5 4U 

^r Ala Ser Pro «y Xy. Ma Thr Glu V.l ** -1 Thr val W« «, 

50 55 



Gl 
65 



n Ala Asp ser 01, val Thr Glu val Cys Ala Ala Thr Tyr Met Met 

70 ^ 



,1, AS„ Glu Leu Thr Phe ,eu Asp Asp Ser He cys Thr 01, Thr Ser 

85 90 



ser Gly Asn Gin val Asn Leu Thr lie am Gly Leu Ar g Al. Met Asp 

100 10b 

Thr Gly Leu Tyr He cys Lys val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 

Tyr Leu Gly He Gly Asn Gly Thr cm lie Tyr Val He Asp Pro Glu 

130 135 
Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 

o Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 

Thr Ser Pro Pro Ser pro Hia l75 

165 170 
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie ser Arg Thr 

18 0 18 b 

Pro Glu val Thr Cys Val Val va! Asp Val Ser His Glu Asp Pro Glu 

195 20 0 

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 



210 215 



11 



„ ■ -h- w Arg Val Vai Ser 
• rlu Glv Gin Tyr Asn Ser -itu Tyr ,-rg 240 
Thr-LysPrpAig GxuJH 235 



225 



■ " , „ n v Lvs Glu Tyr Lys 
, nr val Leu His Gin Asp Trp Leu " A-n V 



Val Leu Thr ^ - - 250 



»u Pro Ala Pro 



i* pro. He Glu Lys Thr He 



: T a val Ser Asn Lys Ala . Leu «u 27 0 

Cvs Lys val fei « ■( 2 65 
2S0 

n„ Pro Gin Val Tyr Thr Leu Pro 

Ala Tva G iy Gin Pro Arg Glu Pro 285 
Ser Lys Ala Ly* *>-Y 78Q 23d 

275 

. Val ser Leu Thr Cys Leu 

290 

^ rlu Trp Glu Ser Asn 
val ,ys Oly ». Tyr ,. «6 -MP «s 
305 

«.v. Pro Pro Val Leu Asp Ser 

Gly Gin Pro Glu Asn Asn- Tyr Lys Thr Thr 

r 325 
3 40 

Trp Gin singly ~ « - - - - ~ - S" " ^ ^ 

• 355 

Hls Asn HIS Tyr T.r Oin .sser ^ S.r - Giy 

370 



<210> 11 

<211> H52 

<212> DNA 

<213> Artificial Sequence 

<220> . o Artif icial Sequence: L104EIg 

<223> Description or 



:ca 



60 



<400> 11 .ooacqctg ctcagtctgg tccttgcact cctgtttc 

atggg tgtac tgctcacaca gaggacgc . ^ 

aca g t g ct t c gg ca*,=t g . =a g cca gg t 3 act g aa g ter ,«9 



12 



gggaatgag.t tgaccttcct agatgattcc atctgcacgg gca'cctccag tggaaatcaa- 
gtgaacc.tca. ctatccaagg actgagggc.c . atggacacgg gactctacat ctgcaaggtg 
. gagctcatgt acccaccgcc atactacgag ggcataggca acggaaccca gatttatgta 
attgatccag aaccgtgccc -. agattctgat -caggagccca aatcttctga caaaactcac 
acatccccac cgtccccagc acctgaac'tc ctggggggat cgtcagtcfct cctcttcccc 
ccaaaaccca aggacaccct 'catgatctcc cggacccc.tg aggtcacatg ' cgtggtggtg. _ 
gacgtgagcc. acgaagaccc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg 
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgtaccg ■ tgtggtcagc 
gtcctcaccg tcctgcacca ggactggctg aatggcaagg agtacaagtg caaggtctcc 
aacaaagccc tcccagcccc catcgagaaa accatctcca aagccaaagg gcagccccga 
gaaccacagg tgtacaccct gcccccatcc cgggatgagc tgaccaagaa ccaggtcagc 
ctgacctgcc tggtcaaagg cttctatccc agcgacatcg ccgtggagtg ggagagcaat 
gggcagccgg agaacaacta caagaccacg cctcccgtgc tggactccga cggctccttc 
ttcctctaca gcaagctcac cgtggacaag agcaggtggc agcaggggaa cgtcttctca 
tgctccgtga tgcatgaggc tctgcacaac cactacacgc agaagagcct ctccctgtcc 
ccgggtaaat ga 



<210> 12 

<211> 383 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EIg 

<400> 12 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 
1 5 10 15 



Leu Leu Phe Pro Ser Met Ala Ser Met Ala Met His Val Ala Gin Pro 
20 25 30 

Ala Val Val Leu Ala Ser Ser Arg Gly lie Ala Ser Phe Val Cys Glu 
35 40 45 

Tyr Ala Ser Pro Gly Lys Ala Thr Glu Val Arg Val Thr Val Leu Arg 



300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1152 



13 



'SO' 55 . 60 • 

Gin- Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met; Met 

fi= ' ' 70 75 . 30 



Gly ' Asn Glu Leu Thr Phe Leu Asp Asp Ser lie Cys Thr Gly Thr Ser 
85 90. 95 



Ser Gly Ash Gin Val Asn Leu Thr lie Gin Gly Leu Arg Ala Met Asp. 
100 . 105 110 

Thr Gly Leu Tyr lie Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 . 125 

Tyr Glu Gly lie Gly Asn Gly Thr Gin lie Tyr Val lie Asp. Pro Glu 
130 135 140 

Pro Cvs Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 

_ ian ICS 160 

145 150 

Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165. 170 175 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr 
180 185 190 

Pro Glu Val Thr Cys Val Val Val Asp val Ser His Glu Asp Pro Glu 
195 200 205 

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala. Lys 
2io 215 220 

Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 235 240 

Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
245 250 255 

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys Thr lie 
260 265 270 

Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 280 285 



14 



Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu, 
.2 90 2 95 3 00 



Val Lys Gly Phe Tyr Pro Ser -Asp lie Ala Val Glu Trp Glu Ser Asn 
305 ' * . 310 315 . 320 



Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pre Pro Val Leu Asp Ser 
325 " 330 . 335 . 



Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
340 ' 345 .. 350 



Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 
355 ' 360. 365 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
370 375 380 



<210> 13 
<211> 1152 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EA29YIg 
<400> 13 

atgggtgtac tgctcacaca gaggaegctg ctcagtctgg tccttgcact cctgtttcca 60 
ageatggega gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga 120 
ggcategcta gctttgtgtg tgagtatgea tctccaggca aatatactga ggtccgggtg 180 
acagtgette ggcaggctga cagecaggtg actgaagtct gtgeggcaac ctacatgatg 240 
gggaatgagt tgaccttcct agatgattcc atetgeaegg gcacctccag tggaaatcaa 300 
gtgaacctca ctatccaagg actgagggee atggacacgg gactctacat ctgcaaggtg 360 
gagctcatgt acccaccgcc atactacgag ggcataggca acggaaccca gatttatgta 420 
attgatccag aaccgtgccc agattctgat caggagccca aatcttctga caaaactcac 
acatccccac cgtccccagc acctgaactc ctggggggat egtcagtett cctcttcccc 
ccaaaaccca aggacaccct catgatctcc cggacccctg aggtcacatg cgtggtggtg 



480 
54 0 
600 



gaegtgagee acgaagaccc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg 660 



15 



c^cc. c^c„« 9 =^ 

gC ccccacc g t c.= t9 cacca gg a<=t 99 c Cg aa tg9 ca, Sg a 9 ta=aa g ,: g caa gg t r 

aacaaa 9 cc= t =c=^c= — — 
g aac=,c» gg = 9g9 a M a g = 

c^cc t^M* — a 3 c 3 aca,c 9 cc*^ — 
ggg ca gC c 9g a 9 ,.ca.c C , caa„ 

rtcct c t aca 9 =aa g c t =ac c gtg9 acaa g , 9 ca 9gtg9 c a 9 ca gg99 aa ^««ctc. 

,.rh a r*cac aaaagagcct ctccctgtct 
tgctccgtga tgcatgaggc tctgcacaac cactacacgc ag 

ccgggtaaat ga 

<210> 14 

<211> 383 

<212> PRT 

<213> Artificial Sequence 

%Z ^criptio. o E artificial sW' 

<400> 14 

„. t 01Y vax « -u ~ « 9 - - - — wi .sr " a 

1 5 

Leu ^ ^ Pro S.r « - ~ «f » P " 

20 " 



»X VaX «. «■ Ser «, Oi, X- «• - ^ ^ 

35 40 

, la ser Pro OX, ,vs Tyr «r. Olu vaX >r 9 vax *r *aX » «, 



Tyr .__ 

50 33 



1 Thr Glu Val Cys Ma Ala Thr Tyr Met Mat 



720- 
780 
84 0 
900 
960 
1020 
1080 
114 0 
1152 



Gin Ala Asp Ser Gin Val Thr v., w - ~ 

65 70 

01y m OXU THr P„e , eU MP «P £■ - °» % 

85 

^ tip Gin Gly Leu Arg Ala Met Asp 
Ser Gly Asn Gin Val Asn Leu Thr lie Gin 01/ ^ . 

100 



16 



rhr Glv Leu Tvr lie Cys Lys Val Glu Leu Met Tyr Pro .Pro Pro Tyr 
115 120 x25 



Tyr Glu Gly lie Glv Asn Gly Thr Gin lie Tvr Val He- Asp Pro Glu 
. -130 " 135 1" 

Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 
145 . ■ 150 155 

Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165 170 175 

Phe Leu Phe Pro Pro Lys. Pro Lys Asp Thr Leu Met lie Ser .Arg Thr 
180 185 190 . 

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu 
195 200 205 

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 

Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 235 

Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
245 250 255 

Cys Lys Val Ser. Asn Lys Ala Leu Pro Ala Pro lie Glu Lys Thr lie 
260 265 270 

Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro. 
275 280 285 

Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 
290 295 300 

Val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val Glu. Trp Glu Ser Asn 
305 310 .315 

Gly Gin Pro Glu Asn Asn Tyr Lys Thr .Thr Pro Pro Val Leu Asp Ser 
325 330 335 

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 



17 



■ ■ 340' "345 ■ 350 . 

Trp Gin Gin Gly.Ata Val PheSer Cye Ser Val Met His Glu Ala Leu 

355 - 360 - 

His Asn His Tyr Thr Gin Lys Ser. Leu Ser Leu Ser Pro Giy Lys 

370 j75 



<210> 15 
'<211> H52 
<212> DNA 

<213> Artificial Sequence 

<2.23>. Description of Artificial Sequence: bl04EA29LIg 

<400> IS; i-nnhVnrart- rrtatttcca 60 



:tgggtgtac,tgctcacaca gaggacgctg ctcagtctgg Cccttgcact cotgtttcca 
agcatggcga gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga 
ggcatcgcta gctttgtgtg tgagtatgca tctccaggca aattgactga ggtccgggtg 
acagtgcttc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 
gggaatgagt tgaccttcct agatgattcc atctgcacgg gcacctccag tggaaatcaa 
gtgaacctca ctatccaagg actgagggcc atggacacgg gactctacat ctgcaaggtg 
gagctcatgt acccaccgcc atactacgag ggcataggca acggaaccca gatttatgta 
attgatccag aaccgtgccc agattctgat caggagccca aatcttctga caaaactcac 
acatccccac cgtccccagc acctgaactc ctggggggat cgtcagtctt cctcttcccc 
cc.aa.ccca aggacaccct catgatctcc cggacccctg. aggtcacatg cgtggtggtg 
gacgtgagcc acgaagaccc tgaggtcaag ttc.actggf.cgtgg.cgg cgtggaggtg 
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgtaccg tgtggtcagc 
gtcctcaccg tcctgcacca ggactggctg aatggcaagg agtacaagtg caaggtctcc. 
aacaaagccc tcccagcccc catcgagaaa accatctcc. aagccaaagg gcagccccga 
ga.ccac.gg tgtacaccct gcccccatcc cgggatgagc tgaccaagaa cc.ggtc.gc- 
ctgacctgcc tggtcaaagg cttctatccc agcgacatcg ccgtggagtg ggagagcaat 
gggcagccgg agaacaacta caagaccacg cctcccgtgc tggactccga cggctccttc 
ttcctctaca gcaagctcac cgtggacaag agcaggtggc agcaggggaa cgtcttctca 
.tgcjtccgtga tgcatgaggc tctgcacaac cactacacgc agaagagcct ctccctgtct 



120 

180 

240 

300 

360 

420 

480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 



19 



ccgggtaaat ga 



<2.!.0> '16 

<211> .383 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; L1G4EA2 9LIg . 

<400> 15 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu. Ser Leu Val Leu Ala 
1 5 10 15 



Leu Leu Phe Pro Ser Met Ala Ser Met Ala Met His Val Ala Gin Pro 
20 25 30 



Ala Val Val Leu Ala Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 
35 . 40 45 



Tyr Ala Ser Pro Gly Lys Leu Thr Glu Val Arg Val Thr Val Leu Arg 
50 .55 60 



Gin Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 
65 70 75 80 



Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser He Cys Thr Gly Thr Ser 
85 90 95 



Ser Gly Asn Gin Val, Asn Leu Thr He Gin Gly Leu Arg Ala Met Asp 
100 105 HO 



Thr Gly Leu Tyr lie Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 125 



Tyr Glu Gly He Gly Asn Gly Thr Gin He Tyr Val He Asp Pro Glu 
130 135 140 



Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 
145 150 155 160 



Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165 170 175 



19 



Phe" Leu Phe Pro Pro ' Lys Pro Lys Asp. Thr Leu ,et. lie Ser - Arg Thr 

180 185 

Pro Glu Val Thr.cya Val Vai Val Asp. Val Ser His Glu Asp Pro Glu 
195 2°° 

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val Hi, Asn Ala t.ys 

■ TIC V 

210 215 ■ 

Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 



230 



225 

Val Leu Thr Val Leu His Gin Asp Trp Leu Asn. Gly Lys Glu Tyr Lys 

245 250 



Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys Thr lie 

260 265 

Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 280 

Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 

290 295 

val Lys Gly Phe Tyr Pro Ser- Asp He Ala Val Glu Trp Glu Ser Asn 
305 310 ' 315 

Gly Gin Pro Glu Asn. Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
325 330 



Asp Gly. Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 

340 345 

Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 

r icn Jbs 



355 360 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly- Lys 



370 



375 



380 



<210> 17 

<211> H52 

<212> DNA 

<213> Artificial Sequence 



20 



<220> ' 

<223> .Description of 'Artificial Sequence: -L104EA2 9TIg 
<4Q0> 17 

atgggtgtac .tgctcacaca gaggacgctg cccagtccgg tccttgcact cctgtttcca 



agcatggcga gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga. 
ggcatcgcta gctttgtgtg tgagtacgca tctccaggca aaactactga. ggtccgggtg. 
acagtgcttc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 
gggaatgagt tgaccttcct agatgattcc atctgcacgg gcacctccag tggaaatcaa 
gtgaacctca ctatccaagg actgagggcc atggacacgg gactctacat ctgcaaggtg 
gagctcatgt acccaccgcc atactacgag ggcataggca acggaaccca gatttatgta 
attgatccag aaccgtgccc agattctgat qaggagccca aatcttctga caaaactcac 
acatccccac cgtccccagc acctgaactc ctggggggait cgtcagtctt cctcttcccc 
ccaaaaccca aggacaccct catgatctcc cggacccctg aggtcacatg cgtggtggtg 
gaegtgagcc ■ acgaagaccc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg 
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgtaccg tgtggtcagc 
gtcctcaccg tcctgcacca ggactggctg aatggcaagg agtacaagtg caaggtctcc 
aacaaagccc tcccagcccc catcgagaaa accatctcca aagccaaagg gcagccccga 
gaaccacagg tgtacaccct gcccccatcc cgggatgagc tgaccaagaa ccaggtcagc 
ctgacctgcc tggtcaaagg ' cttctatccc agcgacatcg ccgtggagtg ggagagcaat 
gggcagccgg agaacaacta caagaccacg cctcccgtgc tggactccga cggctccttc 102 0 
ttcctctaca gcaagctcac cgtggacaag agcaggtggc agcaggggaa cgtcttctca 
tgctccgtga tgcatgaggc tctgcacaac cactacacgc agaagagcct ctccctgtct 
ccgggtaaat ga 



<210> 18 

<211> 383 

<212> PRT 

<2i3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EA29TIg 

<400> 18 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 



60 
120 
180 
240 
3 00 
360 
420 
430 
540 
600 
660 
720 
780 
840 
900 
960 



1080 
1140 
1152 



21 



10 



15 



Leu Leu Phe Pro Ser Met Ala Ser Met Ala Met 
20. 25. 



;t His Va.l Ala Gin Pro 
30 



Ala Val Val Leu -Ala Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 
• 40 45 



35 



Tyr Ala Ser Pro 
50 



Gly Lys Thr Thr Glu Val Arg Val Thr Val Leu Arg 



55 



60 



Gin Ala, Asp- Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 
65 ■ 70 75 



Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser lie Cys Thr Gly Thr Ser 

../.':■■ 35 -90 ■ 95 



Ser 



Gly Asn Gin Val Asn Leu .Thr He Gin Gly Leu Arg Ala Met Asp 
100 105 



Thr Gly Leu Tyr lie Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 

120 125 



115 



TVr Glu Gly He Gly Asn Gly Thr Gin He Tyr Val He Asp Pro Glu 

140 



130 



135 



Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 



145 



150 



155 



Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 

170 175 



165 



Phe Leu Phe Pro Pro Ly 
180 



Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr 

185 190 . 



Pro 



Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu 



195 



200 



205 



Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 

215 220 



210 



Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg. Val Val Ser 
■ 235 240 



225 



230 



22 




Val Leu Thr Val Leu His' Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
245. . . 250 ■ 255 



Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr lie 
260 265' 270 



Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 . 280 285 



Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val -Ser Leu Thr Cys Leu 
290 295 300 



Val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val Glu Trp Glu. Ser Asn 
305 .310 ' . 315 " ' 320 



Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
325 330 335 



Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
340 345 350 



Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 
355 360 365 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
370 375 380 



<210> 19 

<211> 1152 

<212> DNA 

<213> Artificial Sequence 
<220> 



<223> Description of 


Artificial 


Sequence: L104EA29WIg 






<400> 19 

atgggtgtac tgctcacaca 


gaggacgctg 


ctcagtctgg 


tccttgcact 


cctgttccca 


60 


agcatggcga gcatggcaat 


gcacgtggcc 


cagcctgctg 


tggtactggc 


cagcagccga 


120 


ggcatcgcta gctttgtgtg 


tgagtatgca 


tctccaggca 


aatggactga 


ggtccgggtg 


180 


acagtgcttc ggcaggctga 


cagccaggtg 


actgaagtct 


9tgcggcaac 


ctacatgatg 


240 


gggaatgagt tgaccttcct 


agatgattcc 


atctgcacgg 


gcacctccag 


tggaaatcaa 


300 



23 



9 ^c«c. «.«e«* «**~* CMOaa93t9 ■ 

>cc=«^. ~« a-"--""-" : 

at ; 9 ace« g aacc gtg£ c= a 9 at t c Cg a t ca gg a 9c =ca »««^ — 
ac , t cceca= e gt c=c=a g c ac=t g aa=tc c tg999g9 a t c 9t ca g tc« cc t c tt =cc= 
cc ,aaacc=a , gga — — - t99t * 9 

~ — — " 

^ a g a=aaa g cc g c gSg a 9g * 9 

gtc=t cacc g t =« g =ac=a 3g ac tgg c tg aa tg9 caa 99 a gt ac.a gtg =aa 9g « t = C . 
aa C a,a 9 c== « t c g a 9 aaa ac,a t «c C a -a g ccaaa gg g ca gW c 9 a 

g aa=caca 99 : — " e 999 at g . g c tg a.caa 9 aa c C a gg t=a 9 c 

ct9 acc t9 =c t99t =a. Sg9 — ,cc C . 9 c 9 aea t c 9 .c 9t99 a 9tg 
9g9 ca 9 <: C9g a 9 a.=aa=ta =aa g acc.c 9 

«„ t c C .ca g ca. 9 c t cac = g t g9 ac.a 9 a g ca 9gtg9 c a g ca g999 aa ctcttctc 
tg=M » Wc.^ t c t3 ca = aac cac t acac 9 c a g .a 9 a 9 ^ etc^e* 



ccgggtaaat ga 

<210> 20 
<211> 383 
<212> PRT 

<213> Artificial Sequence . - 

lilt Description of Artificial Sequence: L 104EA 2 9WIg 

^Oly L - - X h r Gin Arg T h r - Leu Ser LeuVal Leu *la 

1 5 . 



c . MP t Ala Ser Met Ala Met His Val Ala Gin Pro 
Leu Phe Pro Ser Met Ala ber n 3Q 

20 . 

ala Ser Arg Gly He Ala Ser Phe Val Cys Glu 
Val Val Leu Ala Ser Ser Arg ^ y 45 

^ Thr Glu Val Arg Val Thr Val Leu Arg 
r Ala Ser Pro Gly Lys Trp Thr Glu Val Arg ^ 



360 

420 
. 480 
540 
600 
66 0.. 
720 
780 
.340 
900 
960 
1020 
108 0 
1140 
1152 



Ty - 55 
50 " 



24 



Gin Ala- Asp Ser. Gln Val Thr GluVai Cys Ala Al, Thr Tyr: Met- Met 

65- ' . 70 ; ■• 7 - ■ 

Gly Asn Glu Leu' Thr Phe Leu Asp. Asp Set He Cys Th, Gly Thr Ser 

85 90 

Ser Gly Asn Gin Val Asn Leu Thr. lie Gin .Gly Leu Arg. Ala Met Asp 

ICO 105 

Thr Glv Leu Tyr He Cys Lys Val Glu Leu. Met Tyr Pro Pro Pro Tyr 
'llS . 120 125 ■ 

Tyr Glu Gly He Gly Asn Gly Thr Gin lie Tyr Val He Asp Pro Glu 
130 . 135 140 

Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp- Lys. Thr His 
145 150 .155 

Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 

165 170 

Phe Leu Phe Pro Pro Lys Pro Lys As P Thr Leu Met lie Ser Arg Thr 



180 



18 5- 



Pro 



Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu 



200 



205 



195 

Val Lys Phe Asn Tr P Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 . 

Thr Lys Pro Arg Glu Glu Gin tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 235 

Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 

245 250 



Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys Thr lie 
260 265 

Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 

275 280 

Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 



25 



290 295 300 



Vai Lys fUy Phe Tvr Pro Ser Asp lie Ala Val Glu Trp Glu .Ser Asn 

30S . ' ' 310 315 320. 

Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 

325 330 335 



Aso Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
' 340 345 350 



Trp Gin Gin Gly Asn Val. Phe Ser Cys Ser Val Met His Glu Ala Leu 
355 ' 360 3S5 

His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
370 375 380 



<210> 


21 


<211> 


65 


<212> 


DNA 


<213> 


Homo sapiens 


<400> 


21 


ctcagtctgg tccttgc.act 


cagcc 




<210> 


22 


<211> 


33 


<212> 


DNA 


<213> 


Homo sapiens 


<400> 


22 


tttgggctcc tgatcagaat 


<210> 


23 


<211> 


72 


<212> 


DNA 


<213> 


Homo sapiens 


<400> 


23 


ctagccactg aagcttcacc 


gtccttgcac tc 


<210> 


24 


<211> 


33 


<212> 


DNA 



60 
65 



3 3 



60 



26 



<2.13> Homo sapiens ' ' ' 
<400> 24 . 

gcaatgcacg tggcccagcc' tgctgtggta gtg 



<2i0> 25 

<211> 45 

<212> DMA 

<213> .Homo sapiens 

<400> .25 

tgatgtaaca tgtctagatc aattgatggg aataaaataa ggccg 



<210> 26 

<21I> 39- 

<212> DNA 

<213> Artificial Sequence 

<220> . . 

<223> Description of Artificial Sequence: Oncostatin M signal peptide f 

orward primer 
<400> 26 

ctagccactg aagcttcacc atgggtgtac tgctcacac 39 



<210> 27 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Oncostatin M signal peptide r 
everse primer 

<400> 27 

tggcatgggc tcctgatcag gcttagaagg tccgggaaa 39 



<210> 28 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223>. Description of Artificial Sequence: Oncostatin M signal peptide r 
everse primer 

<400> 28 

tttgggctcc tgatcaggaa aatgctcttg cttggttgt 3 9 



<210> 29 
<211> 84 
<212> DNA 



27 



<21 „ Artificial Sequence, .... 

' ' ■ ■ H U ,.n igcgammal forward Pri- 

r 

^rra .-acatccc^a 



ccgtccccag 



cacctgaact cctg 



<210> 3 0 ■ 
<2H> 41 

< 2 i3> Artificial Sequence 

Human igcgammal reverse prime 
:f 2 ° 3 ; .escription of Artificial Sequel . Hum 

r 



:^; a c=° 9 »«^ 9C9 a " 3c9a9ag c 



<210> 31 
<211> * 7 

fa": «m«w 

CD5I9 forward primer 

ri/i " 9c =- t99 9ttctcC99= caccct9 



<210> 32 
<2U> 39 

. rp . CD5 lg reverse primer 

Desertion * 



<400> 32 tt ggatcctg gcatgtgac- 

atccacagtg cagtgatcat tcgy 



<210> 33 
<211> I 8 

<213> Artificial Sequence 

CDM8 forward primer 
< 220> of Artificial sequence. CDMb 

<223> Description o£ Arc. 



41 



47 



39 



28 



<4G0> 33 n g 

aatacgactc ■ actatagg . 



<210> 34 

<211> 18 

<212> DNA 

<213> Artificial Sequence 

<223>. Description .of Artificial Sequence: GDM8 reverse primer 

<400> .34 1Q 
caccacactg tattaacc 



<210> 35 

<211> 6 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4/CD28 

<400> 35 

Met Tyr Pro Pro Pro Tyr 



<210> 36 

<211> 6 

<212> PRT 

<213> Artificial Sequence 

<220> , 

<223> Description of Artificial Sequence: CTLA4Ig mutant fusion protein 

<400> 36 

Ala Tyr Pro Pro Pro Tyr 



<210> 37 

<211> 6 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4Ig mutant fusion protein 

<400> 37 

Met Ala Pro Pro Pro Tyr 
1 5 



29 



<210> 38 

<211> 6 ' 
<212> PRT 

<213> Artificial Sequence 

- v, 'cTLA4Ig mutant fusion protein 
<220> . ^,„nf; r i 3 i seauence: ciua-*-^ 



; 22 3> Description of Artificial ' Sequence , 



<400> 38 

Met. Tyr Ala. Pro Pro Tyr. 
1. 5 



<210> 39 

<211> 6 

<212> PRT : 

<213> Artificial Sequence 

<400> 39 

Met Tyr Pro Ala Pro Tyr 



<210> 40 
<211> 6 
<212> PRT 

<213> Artificial Sequence 

_ cTLA4/CD28Ig ntutant fusion pr 
Description of Artificial Sequence. CTLA4/ 

otein 
<400> 40 

Met Tyr Pro Pro Ala Tyr 



<210> 41 

<211> 6 

<212> PRT 

<213> Artificial Sequence 



„ fts 0 rTLA4/CD28Ig mutant fusion pr 

<220> t nrt-ificial Sequence: CTLA4/v.^o y 

<223> Description of Artiticia 

otein 



<4p0> 41 

Met Tyr Pro. Pro Pro Ala 



30 



<210> 


42 


<211> 


6 • 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<22 3> ' 


Description' of Artificial 


<400> 




Ala Ala Pro Pro Pro Tyr 


1 


5 


<210> 


43, 


■<21I> 


68 


<212> 


DNA 


<213> 


Artificial Sequence 



<220> . 

<223> k is either c, g or t 
<220> 

<221> misc_feature 

<222> (28) ... (29) 

<223> n is either a, c, g or t 



<220> 

<221> misc_feature 

<222> (30) . . (30) 

<223> k is either c, g or t 



<220> 

<221> misc_feature 

<222> (31) . . (32) 

<223> n is either a, c, g or t 



<220> 

<221> misc_f eature 

<222> (33) . . (33) 

<223> k is either c, g or t 



<220> 

<221> misc_f eature 

<222> (34) . . (35) 

<223> n is either a, c, g or t 



<220> 

<221> mi sc_f eature 
<222> (36) . . (36) 



31 



?23> k is either c, g 



<220> 

<221> misc__f eature 

<222>. (37) . - (38) 

<223> n is either a, c, g or t. 



<220> 

<221> miscJE eature 

<222> (39).. (39) 

<-223> k is either c, g or t 



<220> 

<221> misc__f eature 

<222> (40) , . (41) 

<223> n is either a, c, g or t 



<220> 

<221> misc_feature 

<222> (42) . . (42) 

<223> k is either c, g or t 



<220> 

<221> misc_f eature 

<222> (43) . . (44) 

<223> n is either a, c, g or t 



<220> 

<221> misc^f eature 

<222> (45). .(45) 

<223> k is either c, g or t 



<220> 

<221> misc_feature 

<222> (46).. (47) 

<223> n is either a, c, g or t 



<220> 

<221> misc_f eature 

<222> (48).. (48) 

<223> k is either c, g or t 



<220> 

<221> mi'sc_f eature 

<222> (49).. (50) 

<223> n is either a, c, g or t 



32 



<22 0> 

< 2 2 1> misc__f eature 

<222> (51) . . (51.) . 

<223> . k is either c, g or t 



<400> 43 

cgaggcatcg ctagctttgt gtgtgagnhk. nnknnknnkh nknnknnknn kgaggtccgg SO 

" '..58 
gtgacagt 



<210> 


4 4 


<211> 


59 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Description of Artificial 


<400> 


44 


ggttgccgca cagacttcgg tcacctggc't 


<210> 


45 


<211> 


8 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Description of Artificial 


<400> 


45 



59 



Phe Glu Pro Lys Arg Gly Val Gin 



<210> 46. 

<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 mutant 

<400> 46 

Trp Asp Gin Tyr Thr Gly Tyr Gly 
1 5 



<210> 47 

<211> .8 

<212> PRT 

<213> Artificial Sequence 



33 




<220> 

<223> Description .of Artificial Sequence: CTLA4 mutant 
<400> 47 

Trp Asp Ala Tyr Arg Asn Gin Gin 
1 5 



<210> 48 

<211> a 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 mutant 

<40O> 48 . 

Tyr Asp His Pro Tyr Asp Gly Gin 
1 5 



<210> 49 

<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 mutant 

<400> 49 

Trp Asp Gin His Val Ser Arg Arg 
1 5 



<210> 


50 


<211> 


8 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Description of Artificial 


<400> 


50 



Tyr Ala Ser Pro Gly Lys Ala Thr 
1 5 
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dua May 13, 2002. Accordmgly, thw Response .s a & 

Request is submitted herein as Exhibit 1 , 

longcr ta condition to become pan of the percent ^ £ « fc 
^ Trademark Office (USPTO) for this apphcauon (37 CFR 1.52 (a)) 
States Postal Service sanitization process. 

. . . • a oooy of the above-idanufied papm Including a Preliminary 
A.oDlicant3 provide herein a. popy oi ^ »^ 

PP , tBP readable form and Substitute paper copy of 

Amendment, Replacement computer readable lorm _ ^ 

• • - K-w. ^ tu c „ nc ioaad papera are a true and accurate copy ot 
Sequence haung icxM* A ,w ^ S p p ^ 
.beve-idenuned paper,, which were filed w>th th. U>PTO Ap 



Applicant*; " P*ter S. Linsley et : at 
U.S. Sanai No. 09/609,913 
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Raplncemant compute? readable form arid Substitute papw copy contain no new matter 

aind'UicircnUy Is respectfully requcswd. 

No fee is deemed necessary in connection-*?* the filing of this Response. However, if 
any fee. la necessary, the Patent Office is authorized to charge .any additional fee to 
Deposit Account No, 50-0306. 



Respectfully submitted, 



Sarah B. Adriano 

Registration No. 34,470 

SaraLynn Mandcl 

Registration No. 3 1 ,853 

Patent Practitioners for Applicants 

Mandcl & Adriano 

35 N; Arroyo Parkway 

Pasadena, California 9 1 103 

(626) 395-7801 

Customer No. 26,941 
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Copy of the 
Request for Substitute Papers 



«Uu<m faw,.u ,..4 TWrmnri f)M^ ' 

».i^ii»iiitiM, d.i: ) i{^.;t 



35 N Arroyo Parkway "~" " ' ' 

Suite 60 

Paaudens CA Si j 03 



Title: Soluble CTLA4 mutam molecules and 



uses thereof 



Request for Substitute Papers 



Date Mai led. 04/29/2002 



The papers (lied on. 04/22/02 with rn? ™ i • 
due ,o the United Si. tes Po tl ,l Service sonitizTon proccM ' " ""P 1 ™" 0 " <» CPS 1.52(2)1 

pa<c ^oZ^X^^^^^^P^ '"-p. fo, , ny (J.S or 
a complete and .cerate copy of tlte utow"deSd o«,*r If " ' Hat such copy Is 

sSttsss JS^^ir-' Scrvte <• 

2*5BS^^ be s u b miIted by racs , milii 

pup,,., O.PB, u. s p Attffip^M^ 

1 his letter i$ nol a notice under 17 PFP i 1*1 i_r 

s?p<? , ^r latof ihb dMe ■ '^it of . * irf^^oT«uhi«°r n^ rcp,ay to ihis noiic * within 

A copy of this notic^hou.d J^cffi 1 wi' t hc r c p ly. ^ ,S * U,n|1 " n ° licC U " der 3 7 



The enclosed papers are a complete and 



accurate copy of the above-identified papers. 



r\ » r\ . r ~~ — ^ — — 
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Ser. No. 09/609,915 

Copy of the Papers Filed on April 15, 

2002, including a Preliminary 
Amendment, Replacement computer 
readable form and Substitute paper 
copy of Sequence listing 



'. ' Dkt, 30436.30USI2/SBA/HP 

T N THE UNITED S TATES PATENT AjNDjrRADEMARK^Fn^ 

Applicant: Peter S. Linsley et al. 

Serial No, 09/609,915 - Examiner: E. M. Lazar- Wesley, Ph.D. 



Filed: 



Juiv3,20.00 Group Art Unit; 1646 



For: SOLUBLE CTLA4 MUTANT MOLECULES AND. USES THEREOF 



35 N. Arroyo Pkwy., Suite 60 
Pasadena, California 91 103 
April 15, 2002 

Honorable Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

COMMUNICATION IN RESPONSE TO A NOTICE TO COMPLY 'WITH 
REQUIREMENTS OF 37 CFR 1.821-1.825 FOR PATENT APPLICATIONS 
CONTAINING NUCLEOTIDE SEQUENCE AND/OR AMINO ACID SEQUENCE 
DISCLOSURES DATED M ARCH 15. 2002 

This communication, is submitted in response to an Office Communication dated March 15, 
2002, to comply with requirements of 37 C.F.R. 1.821 through 1.S25 for sequence listing, in 
connection -with the above-identified application. A one (1) month period for reply was set, 
making April 15, 2002, the deadline for filing a response to the Notice. Accordingly, this 
Response is being timely filed. A copy of the above-referenced Notice is submitted herein as 
Exhibit 1. 

hi response to the Office Communication, the applicants herein submit a sequence listing 
including an original paper copy, a computer readable copy, and a Declaration under 37 C.F.R. 
§1.821.(0 stating that the computer readable copy of the sequence listing is identical to the paper 



Applicants: Peter S. Lias --a at . 
ui : 'Serial Nov 69/6Q9..9.1.5 . •;• - , v " ' . 
Filed: July 3, 2000 " '. 
Page 2 .' . '". 

cdpy (Exhibit 2). . The sequence 'listing contains no new matter and is supported by the 
specification as originally filed. Accordingly, entry of tins amendment is respectfully requested. 

No additional fee is deemed necessary in connection with the flung of this Communication. 
However, if any additional fee is necessary, the Patent Office is authorized to charge the 
additional fee to Deposit Account No. 50-0306. 

Respectfully submitted, 



Sarah B.-Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No. 31,853 
Attorneys for Applicants 
Mandel & Adrian©- 
35 N. -Arroyo Parkway 
Pasadena, California 91 103 
(626) 395-7801 
Customer Number: 26941 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Peter S. Lmsley, et al. 

09/609,915 Examiner: E. M. Lazar- Wesley, Ph.D. 

July 3, 2000 . Group Art Unit: 1646 

SOLUBLE CTLA4 frFJTANT MOLECULES AND USES 
THEREOF' 

35 North Arroyo Pkwy, Suite 60 
Pasadena, California 91103 
April 15,2002 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: . 

PRELIMINARY AMENDMENT 

Please amend the subject application as follows. 
In the Specification: 

In accordance with 37 C.F.R. 1.121(a)(l)(i) and (ii), please replace the paragraph at page 
1, lines 5-10, with the following rewritten paragraph: 

- This application is a continuation-in-part of U.S. Serial No. -'08/228,208, filed April 15, 
1994, now U.S. Patent No/6,090,914, issued July 18, 2000, which was a continuation-in- 
part of U.S. Serial No. OS/008, 898, filed January 22, 1993, now U.-S Patent No. 5,770,197, 
issued June 23, 1998, which was a continuation-in part of U.S. Serial No. 07/723,617, Filed 
June 27, 1 991, -now abandoned; U.S. Serial No. 09/603,825, filed June 26, 2000, which was 
a continuation-in-part of U.S. Serial No. 09/014,761, filed January 28, 1998, which claims 
priority of U.S. Serial No. 60/036,594, tiled January 31, 1997, now abandoned: and U.S. 
Serial No. 08/539,436, filed October 5, 1995, now U.S. Patent No. 6,132,992, issued 
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October 17 : -2000, the contents of all of which, are hereby incorporated, by reference, in. 
their entirety, into the present application. --. 

Please replace the paragraph at page 4, lines lines 14-16, beginning "Figure 3:", with the 
following rewritten paragraph: 

- Figure 3: Shows the nucleotide (SEQ ED NO.:. 1) and complete amino acid sequence 
(SEQ ID NO.: 2) encoding human GTLA4 receptor fused to the oncostatin M signal 
peptide; and including the newly identified N-linked ' glycosylation site, as described in 
Example 1, infra. --. 

Please replace the paragraph at page 6, lines 20-25, please replace the paragraph beginning 
"Figure 7:", with the following rewritten paragraph: 

- Figure 1.7: Depicts sequencing alignment of CD28 and CTLA4 family members. 
Sequences of human (H) (SEQ ID NO.: 7), mouse (M) (SEQ ID NO.: 5), rat (R) (SEQ ID 
NO.: 6), and chicken (Ch) CD28 (SEQ ID NO.: 8) are aligned with human (SEQ ID NO.: 3) 
and mouse CTLA4 (SEQ ID NO.: 4). The signal peptides are underlined with a dashed line. 
The transmembrane domains are underlined with a solid line. The CDR-analogous regions 
are noted. The dark shaded areas highlight complete conservation ofresidueswhile the light 
shaded areas highlight conservative amino acid substitutions in all family members.--. 

Please replace the paragraph at page 7, lines 12-13, beginning "Figure 22:", with the 
following rewritten paragraph: 

- Figure 22: Depicts the nucleotide (SEQ ID NO.: 9) and amino acid sequence of a 
CTLA4Ig (SEQ DD NO.: 10) having wildtype extracellular domain of CTLA4. --. 

Please replace the paragraph at page 7, lines 15-17, beginning "Figure 23:", with the 
following rewritten paragraph: 

- Figure 23: Depicts the nucleotide (SEQ ID NO.: 1 1) and amino. acid (SEQ ID NO.: 12) 
sequences of Ll04EIg starting at methionine at position +1 to aspartic acid at position 
+124, or alanine at position -1 to aspartic acid at position +124.--. 
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... Hre , i9 .9l, banning "Figure 24:", with the 
Please replace the paragraph at page unc* „ -I. ~ 

Mowingrewrittenparagraph: ^ • ^ (g£Q ^ 

- Figure 24: Depicts the nucleotide (bEQ © No.. > ^ 
N0 : X * of L104EA29YIg starting at methionine at position . 1 »P . . 
position +124, or alanine at position -1 toospartic acia at P os,Uon tU- ■ 

' ' t lines 03-^5 bediming "Figure 25:", with the 
Please replace the paragraph at page 7, lines ~> _ ~ 

VtZ^PS*" e ( SH QroN 0, 15 ,-a, mn oac W se qU .ces(^ 

, . ,7 lines 27-'9 beginning "Figure M:". with 
Please replace the paragraph at page ,, lines 2, -9, 

foflowing rewnuen paragraph: ' ^ (S£Q 

- figure 26: Depicts the nucleotide (oEQ ID NC. , ^ ^ „ 

ID NO " 181 of L104EA29TIg starting a. methtonine a. portion 

i in lsoartic acid at position fl "■• 
position +124, or alanine at position -1 to aspa. tic 

. , • • rl o"Fim 1 re^7-" with the following 
P,ease replace the paragraph a, page S, lines .-3, begn^ng F.gure ., 

*ttTZ*> - — CSBQ HO, ,) an, acid se^Q 
ro ^0, c, U*kK*m a, meth.onine a, posttion + Uo aspartic add 

position + 124. oraianine at position -1 to asparttc acid a. position + L4.-. 

« ,■ t> -7S 'he^nnine "Fieure'37:", 'with'the 
Please replace the paragraph at page 9. lines 2,-25, bc = .nn,n = . 

M :: w :rt:r:t, * . ass,, »*» a. 

;:r:;;;:;:,ai,,: ^ — « - * U04E,s mu 



^opUcants: Peter S s| - 
tj S Serial No- ■• 

?a3 . . CDSO CHO-transiecrea.^^ . 

L104ES25RI* bind to ^ ^ cells,- . 

• ^nne embodiment", wita the 

„ , n ~, 1-3, beginning One cm. 
P le .e replace thep^h, pag- - 

foUowin^vrittenparasraph: deposited with the American 

toU r 1 , 0 i u ble CTLA4 ha, o^n uep Budapest 

One embodiment 0, a solubU proViSlons Q . - 

• 7 a tcO m Manassas, Maryurw, aXCC 
Culture Collection (-^C^ TCC aGce ssion number. 

A/lav 31 1991 and has been accoid^d ^ ^41^-24 CHO cell line has 
Treaty on May ,1, AdditiohaUy, the CTLA41 a , ^ 

-^9 is DNA. encoding CTLA4i s . _ 3l> l99 i ana 

° ■ , v,. ATCC under the Budapest treat, _ subrn itted 

b een deposited with the ATCC ^ encoding LI O^Ug w ^ 

, ,- rross ion number AT CU i^- r „i m re Collection (Ai^J. 

accorded aces - he ^encanType Culture ^ has 

fof deposit on June 19, -000 ■ ^ dNA encoding 

• -t^-Rlvd Manassas, V A 
University Blvd.., ™herPTA-2l04. - 

a a ATCC accession number t ^ 
been accorded AT^ 

• "Rprause a sisjial peptide , 
^ lines 2-21, beginning Became 

, -enlace the paragraph at page 
Please iepiacw u» v 

_ Because a ^ P*** E « " CT^^as^ tChe s^lpep^ofon^ 

M (Malik et aL, MoU> ^ the 

For U1C 

T^GGGCTCCTGATCkGAA^CrGGG^C^- 1 encoding CTLA4 recepto* and 

n q 1^5 of the ammo aciQ ^ H %vab 

„o ir^d residues 119- L - J ^ x ^-er The template wr 

ammo -ac»a i» reverse pr.u»ei. m . ^Trell 

, ^ ...iMinn enzyme bite) aa w r infected 1 ceu 

containing * r.^MRHAtrornHjaceus^ ■ n0 f 

leul ccimcceUUneprov«W.b>D. S . 



v ei ai 
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the PCR product from the first step was reampftfied. using an overlapping forward primer, 
encoding the N terminal portion of the oncostatin M signal peptide and containing a Hind m 
restriction. . endonuclease 

CTAGCCAGTGAAGCTTCACCAATGGGTGTACTGCTCACACAGAGGACGCTGCi 
CAGTCTGGTCCTTGCACTC (SEQ ID MO.: 23) and the same reverse primer. The 
produc t of the PGR reaction was digested with Hind HI and Bel I and li gated together with a 
Bd 1/Xba I cleaved cDN A fragment encoding the amino acid sequences corresponding to 
the hinge, CH2 and CH3 regions of IgCyl into the Hind ID/Xba I cleaved expression vector, 
CDM3 or Hind EL'Xba I cleaved expression vector pLN. --. 

, 1 \ i;n«T , 1 -9q bennnin^'A schematic map", with the 

Please replace the paragraph at page jj, lines j iy, De B uuiiu 0 

following rewritten paragraph: 

- A schematic map of the resulting CTLA4Ig fusion construct is shown in Figure 1. 
.Sentences displayed in this figure show the junctions between CTLA4 (upper case letters, 
unshaded regions) and the signal peptide, SP, of oncostatin M (dark shaded regions), and the 
hinge H, of IgC ( gamma)l (stippled regions). The amino acid in parentheses . was 
introduced during construction. Asterisks (*) indicate cysteine to serine, mutations 
introduced in the IgCy lunge region. The immunoglobulin superfanuly V-like domain 
present in CTLA4 is indicated, as are the CH2 and CH3 domains of IgC(gamma)l. - 

Please replace the paragraph at page 34, lines 21-27, beginning "CTLA4Ig", with the 
following rewritten paragraph: 

- CTLA4Ig was purified by protein A chromatography from serum-free conditioned 
supernatant! (Figure 2). Concentrations of CTLA4Ig were determined assuming air 
extinction coefficient at 230 nm oft. 6 (experimentally determined, by amino acid analysis 
of u solution of know, absorbancc). Molecular weight standards (lanes 1 and 3, Figure 2) 
and samoles ( 1 micro grams) of CTLA4Ig (lanes 2 and 4) were subjected to SDS-PAGE (4- 
p% acryiamide gradient) under non-reducing conditions (- beta ME, lanes 1 and l) or 



Apuhcant*. i — - 1 ^ • : - 
U S Serial No- 
Fried: July 3, 20™* 



pa S eo . ■ ; uv cumins with 

. . ,* w , ME. bnes 3 and ♦) Proteins "sua.ize. «, - 

reducing coadiuuio ^. t-wu • 

CooxTiassie Brilliant Blue. -. 

, •■ v~ "Rpriase of expression of 
pu-,^ rppiare the paragraph at page 35, lines 19-31, beginning Bccttse . 

- Be«- *e expression of CTLA4 rece P „. totern ^ ^ ^ ^ ^ 
been prevrously reported, U was necessary „ notcd abo ve, was 

U sed for cloning * K ^ ^ (SgQ ffi N0 , 24) (encoding the 

GCXATGC ACGTGGtXC AGCCTGCTG 1 ^ 

N0 , 25) 0— *— - - — Resized from 1 micro gram »» 
averse primer. The template again was a cDNA ^ restnclion 

ftom H38 ce.,s. Products of the PC* react, were a a ^ ^ 

--^TStC- -e was also 
bp Hind W*o I fragment from the CU. . ^ , ckaved CDMS 

purified, and both restriction .fragments heated . 
to form OMCTLA. -. 

Klines ^l-'5, beginning •Receptor-i.inmunoslobulin 
P1 ease replace the paragraph at page ,6, lines .1 - , 

C gamma", withthe ^^^^ ptotems B7 , 8 and CDK* were 
.. Receptor-imiminoglobulin C gamma I. „ , ■ (ml% incorpo(ate dby 

prep aredasd=scnb=dbyLinsl=yetal.,.nLEx a _^^ ••- • to the 

, - - r\. r DNA encoding amino ^-m . 
reference herein. Bu~„ * . • acld sequences 

~t^n fp it B71 was joined to UNA uiu-umb 
. respective receptor piutan (c. s . ) , lorM . This was accomplished 

, < - „ rw ind CH > reeions ot human i . s ~ \ 
corresponding to the ningc, CrC and ^i- - 



as follows. --• 
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Please replace die paragraph' at page 37, lines 6"-25, .beginning "Pjgsfflg Constructio n/, with 
the .foiiowing rewritten paragraph: 

- Plasmid .Construction -. Expression plasmids containing cDNA encoding CD2S, (as 
described by Aruffo and Seed, Proc. Natl. Acad. Sci. U SA 84:8573 (1987)), were provided . 
by Drs. Aruffo and Seed (Mass General Hospital, Boston, MA). Plasmids containing cDNA 
encoding CDS, (as described by Aruffo, Cell 61 :1303 (1990)), were provided by Dr. Aruffo. 
Plasmids containing cDNA encoding B7, (as described by Freeman et al., J : Immunol. 
143:2714 (1989)), were provided by Dr. Freeman (Dana Farber Cancer Institute, Boston, 
MA). For initial attempts at expression of soluble forms of CD28 and B7, constructs were 
made (OMCD2S and OMB7) as described by Linsley et al, J. Exp. Med., supra, in which 
stop codons were introduced upstream of the transmembrane domains and the native signal 
peptides were replaced with the signai peptide from oncostatin M (Malik et al., Mdl. Cell 
Biol. 9:2847 (1989)). These were made using synthetic oligonucleotides for reconstruction 
(OMCD2S) or as primers (OMB7) for PGR. OMCD2S, is a CD28 cDNA modified for 
more efficient expression by replacing the signal peptide with the analogous region from 
oncostatin M. CD2SIg and B7Ig fusion constructs were made in two parts. The 5' portions 
were made using. OMCD28 and OMB7 as templates and the oligonucleotide, 
CTAGCCACTGAA.GCTTCACCATGGGTGTACTGCTCACAC (SEQ ED NO.: .26) 
(encoding the amino acid sequence corresponding to the oncostatin M signal peptide) as a 
forward primer, and either 

TGGCATGGGCTCCTGATCAGGCTTAGAAGGTCCGGGAAA (SEQ ID NO.: 27) or, 
TTTGGGCTCCTGATCAGGAAAATGCTCTTGCTTGGTTGT (SEQ ED NO.: 28) as 
reverse primers, respectively. Products of the PCR reactions were cleaved with restriction 
endonucleases (Hind HI and Bell) as sites introduced in the PCR primers and gel purified.- 

Please replace the paragraph at page 37, line 27, through page 38, line 9, beginning "The 3' 
portion of the fusion constructs", with the following rewritten paragraph: 
- The 3' portion of the fusion constructs corresponding to human IgCyl sequences was. 
made by a coupled reverse transcriptase (from Avian myeloblastosis virus; Life Sciences 



,., ;n ,,. Peter S. ^ 

5u6d: July 3, 20,0 

ppae 8 



Pa a e o . dx 1 from a uj-„ vCA - - , 

, «v>PCR »** ^ ' _a M Gayle. BrWo-Myets 

Associates, 3^.0 . _ (provided Vy Di- • " template. The 

human-mouse J.*- h tas ,,tute, S^le, 

Sa ,,bb Cob.P»>. • ■ - mCT GACAAAACICACA 

oligonucleotide, ^ tcaGG aGCCCAAA1C> . «**■ * 

^°1^^^ CICCIG (SEQ1D - 
CATCCCCAuC primet| ^ AGC (SEOtDNO.-.30) 

CTTC GAGCAG CT ^ 

« reverse pnmer. R ^ HindW BcU c 

FiMl constructs ab ^ BdVXbaI Caved ^ 

CD23 or B1 sequences = „ prodl icts 

fences tnto H-"** ^ ^ — * * ^ ' 

- • .pcuitm 0 construe 
Sequences or me result ^ 

-3 ttnes 11-24,beginnm8 CU5 = 

Wm uca. fashion, us,n 8 ,vn* to *^ ^ (SE Q © 

CD5Ig « s " TrC CCATGGGTrC-tCTGGCCACC 
^rTCAAGCTTCCATGCCCA r 
CATTGCACAGTCA. forward -2) as 

3 „ atc ATTTGG ATCCTGGCATGTG AC ^ Q ed „ ilhlh e 
^^^^ 

averse primer, in above . Tire resulting consiru v 

ps from position i 



using 
ID 
and 

-GCACAGTCAAGCTI^.— - ^ pnmer _ 

30 tp aTC A'HTGG ATCCTGGCATGTG AC \igated vji 

revet se printer. TKePCRpro ^ e resulling construct W ^ 

lsC( > **** as descr^ -» ^ acld re stdn« ™ ^ ^ 

- the sequence cottvspo. - encoding anw 

position ,4, o, h DQ)i follo *ed by 

construction procedure 
corresponding*-^ - 



U.S.- Serial No. 09/509,915 ' . 
Filed: July 3, 2000 " 

• '-> q , ir ., oi-^o -beginning ^^rmj.vnostaining and,. 

Please replace the paragraph at page - 1 — - - 

v \CS R Analvsis.", with the following rewritten paragraph: ■ 
^ S ^ V: V , FArs a ^ is - Transfected CHO ot COS cells or activated T 
„ to^g^n^^W--- ^ CHO cells were removed 

~ e n< -ere analvzedbv indirect immunostatruog. Before >tamm 3 , <- . 

* - incbation in PBS containing 10 mM EDTA. Cells were first 
from their culture ve^eL by incuiatiou r 

il. q ~ fHansen et aL. Tmrmmogenetics 10:24, ..U>$0)) oi OB i 

incubated with murine mAbs j (Hansen . - 

, T j „, rvs^ a^81V) or with Ig fusion proieins <ull «a 1U -ur. 

2X, in DMEM ^ ^ «*> for >■ a. 4 °C. Cens *** * 

^ Kdf ora„addinonal0,- 2 h,^^^ 

m-obe Burlingams, CA)). Fluorescence was analyzed on a FACS 1% ceU soner 

^^^^^^^^^ 

amplifier.-. 

P.ease replace paragraph a. page 40, >,e A** P* 41. to. 

"mAbs.", with the following rewritten paragraph: _ 
J^. Murine monoclona, annbod.es (^s, 9.3 (an tl -CD 2 S, and £j£ 

before use. The hy.ndo.na producing mAb OKTS was obunned " 
Ro c k vn,e, MD, and ,he was a,so puHfi* *on. ascues before use. naAb 4C»<- 
CD19 , was provided by Dr. E. Engleman, Stanford UruversUy, Palo AUo, CA, Prf 
hlul _se chimenc mAb « (having hun.au C,l Fc pon.cn) was a g.ft o. D P. 
mu M Gavie fBns.oi-Mycrs Squ.bb Pharmaceutical Research Insfflnte, Seattle, * A, -. 
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Filed: . ..^offliOJ&Bil^-. 

_ nbat03ae4 i,i^->^'»^ ^ 

P*""'*' 1 ** ^mWBPOW^ •.. COS or CHO cdls were 

^^^^^^ - »~ SSi^* 
containing >0' otb g Q w , b r iu. 

an additional ^ goa t anU-humau U . / in th e 

„-44 lines ,0-n, begins §ffl4m-— 

SSB^CHO^ ; positiveCSO^- T ° ^ w7+ cH0 cells and oti a 

- BindmgJiiS^-^ . . 0 f purified COM^ 5 . 

i-r ^ tr-msfected Criu teu i a r-'\ -containing v 1 

Amp^ edtran nrration of human Ig^i 1 R foUo v/mg 

OT ams/ml) of CD^, anU -human Ig second step 

• -, "Primary mi-"' w ^ ^ 
, .. a -iA-\Q beginning fr~nu , 
at page 46, une» - ' ' 

Please replace the paragraph * ° rewr itten. paragraph: d T5 , 

W«*r ■ - (ML© ^ - ^ M 

^ mixed Vymp^ ^ of ot 

• ■ mc cT C) in the aosenc* oi v • proteins. ^ 

lV mohoblasiDia- cei* ^ » imr nunogloouhn L / &«« 

' . ,,-BTi" CDlSIg or CTLMio 

Fab fragments. oi b.io, 
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proliferation was measured by [ 3 H]--thyiiiidins incorporation after 4 days and is expressed as 
die percentage of incorporation , by untreated cultures (21,000 cpm). Figure 9 shows the 
mean of quadruplicate determinations (SEM < 10%).—. 

Please replace the paragraph at page 48 ; . lines 8-17, beginning 'These results demonstrate", 
with. the following rewritten paragraph; 

These results demonstrate the first expression of a functional protein product of CTLA4 
transcripts. CTLA4Ig, a fusion construct containing the extracellular domain of CTLA4 
fused to an IgCyl domain, forms a disulfide-linked dimer of M r approximately 50,000 
subunits. Because no interchain disulfides would be predicted to fonn in the Ig portion of 
this fusion, it seems likely that cysteines from CTLA4 are involved in disulfide bond 
formation. The analogous CD2SIg fusion protein (Linsley et al, supra , 1991) also contains 
interchain disulfide linkage(s). These results suggest that CTLA4 receptor, like CD28 
(Hansen et al., Tmmuno genetics 10:247-260 (1930)), exists on the T cell surface as a 
disulfide linked homodimer. Although CD2S and CTLA4 are highly homologous proteins, 
they are immunologically distinct, because the anti-CD2S mAb, mAb 9.3, does not 
recognize CTLA4 (Figures 4 and 5), — 

Please replace the paragraph at page 57, lines 20-23, beginning "In addition, two mutants", 
with the following rewritten paragraph: 

- In addition, two mutants encoding the residues PI 03 A and Y 104 A (MYPPAY (SEQ 
ID NO.: 40). and MYPPPA (SEQ ID NO.: 41), respectively) from the CD2SIg 
99MYPPPY104 hexapeptide using CD28Ig as a template were also prepared by the same 
method. — . 

Please replace the paragraph al page 57, line 30, 'through page 53, line 1, beginning lt These 
primers encoded the following sequences:", with the following rewritten paragraph: 

— These "primers encoded the following sequences: 

CDMSFP:5'-AATACGACTCACTATAGG (SEQ ID NO.: 33) 
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Antibody binding was rated irom that seen for wild type protein (4 
(+), and no detectable binding (-). 
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Mut-45 Y-D-H-P-Y-D-G"Q(SEQIDNO.:43) 
Mut4 W-D-Q-H-V-S-R-R (SEQ ID NO.: 49) 

CTLA4 Y-A-S-P-G-K-A-T('SEQED.NO.:.50) 

REMARKS 

The changes to the specification update the priority claimed in the subject application, 
provide SEQ ED NOs and:ATCC accession number, and correct typographical errors in 
the subject application. 

The amendments to specification at page 1, lines 5-10 merely update the status of the 
priority documents for the subject application. The amended priorities are supported by 
the executed combined Declaration and Power of Attorney submitted with the subject 
application. Thus, the above amendments do not introduce any new matter, and 
accordingly their entry is respectfully requested. 

The amendments' to specification at pages 4, lines 14-16; page 6, lines, 20-25; page 7, 
lines 1.2-13; page 7, lines 15-17; page 7, lines 19-21; page 1, lines, 23-25; page 7, lines 
27-29; page 8, lines 1-3; page 33, lines 1-21; page 35, lines 19-31; page 37, lines 6-25; 
page 38, lines 1-9 and 17-24; page 57, lines 20-22 and 33; page 58, line 1; page 63, lines 
12-15; page 73, lines 10-21; page 84, lines 23-28 and 30-32; page 86, lines 24-31 are 
merely to provide SEQ ID NOs in the Detailed Description. A sequence listing, including 
a paper copy, a computer readable form and a Declaration pursuant to 37 C.F.R. 
§1. 821(f) are submitted herein as Exhibit 2. The amendments to incorporate SEQ ED 
NOs. do not introduce any new matter and are supported by the disclosure as originally 
filed. Accordingly, entry of these amendments is respectfully requested. 

The amendments to specification, at page II, lines 1-8, provides the ATCC accession 
number for the DNA encoding Ll04EA29YIg which was deposited with the ATCC 
under the provision of Budapest treaty and appropriately referenced in the originally filed 
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The amendment to specification at page 62, line 29, corrects a typographical error by 
incorporating the symbol ~{3- for beta strands. The. above amendment is supported by 
U.S. -Serial No, 08/228,208 (page 68, line 27), to which this application claims priority. The 
above amendment does not introduce any new matter, and accordingly, its entry is 
respectfully requested. 

The amendment to specification at page 77, line 13, corrects a typographical error by 
incorporating — <-> - . It is commonly known in the art that a 1-site model for a single 
ligand binding to a single receptor is represented by a simple langmuir system, A+B<- 
>AB. The amendment is further supported by U.S.' Serial No. 09/603,825 (page 23, line 
10), to which "this application claims priority. Thus the above amendment does not 
introduce any new" matter, and accordingly, the entry of the above amendment is 
respectfully requested. 

The changes in the specification do not involve new matter and entry of them is 
respectfully requested. If a telephone interview would be of assistance in advancing the 
prosecution of the subject application, applicants' undersigned attorney invites the 
Examiner to telephone her at the number provided below. 
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MARKE.D-UP VERSION TO SHOW AMENDMENT OF SPEC! FT C ATI 6 N 

Please amend the specification at page 1, lines 5-10, to read as follows: 

- This application is -a continuation-in-part of U.S. Serial No. 08/228,208, filed April 15, 
1994, now U.S. Patent No, 6.090.914, issued Julv 13, 2000. which was, a continuation-in- 
part of U.S. Serial No. 08/008. S9S. filed January 22. 1993. now-U.S Patent No. 5,770.197. 
issued June 23. 1998. which was a cominuation-in part of U.S. Serial No. 07/723.617, filed 
June 27, 1991. now abandoned: U.S. Serial No. 09/603.825. filed June 26. 2000- which was 
a- continuation-in-part of U.S. Serial No. 09/014.761. filed January 23. 1998. which claims 
priority, of U.S. Serial No. 60/036,594, filed January 31. 1997, now abandoned; and U.S. 
Serial No. 08/539.436. filed October 5. 1995. now U.S. Patent No. 6.132,992. issued 
October 17, 2000. [U:S. Serial No. 08/539, 436, filed October 19, 1995, and U.S. Serial 
No. not yet known, filed June 26, 2000, which is a continuation, in part of U.S. Serial No. 
09/014,761, filed January 28, 1998, which claims priority of U.S. Serial No. 60/036,549, 
filed January 28, 1997, now abandoned,] the contents of all of which are hereby 
incorporated by reference , in their entirety, into the present application. --. 

Please amend the specification at page 4. lines 14-16, to read as follows: 

- Figure 3: Shows the nucleotide (SEQ ID NO.: 1) and complete amino acid sequence 
(SEP ED NO.: 2) encoding human' CTLA4 receptor fused to the oncostatin M signal 
peptide, and including the newly identified N-Iinked glycosylation site, as described in 
Example 1, infra. --. 

Please amend the specification at page 6, lines 20-25, to read as follows: 

Figure 17: Depicts sequencing alignment of CD2S and CTLA4 family members. 
Sequences of human (H) (SEQ ID NO.: 7) , mouse (M) (SEP ID NO.: 5) . rat (R) (SEP ID 
NO.: 6) . and chicken (Ch) CD28 (SEP ID NO.: SV are aligned with human (SEQ ID NO.: 3) 
and mouse CTLA4 (SEP ID NO.: 4V The signal peptides are underlined with a dashed line. 
The transmembrane domains are underlined with a solid line. The CDR-analogous regions 
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p.ease ^ ^ ^ amin0 acid science of . 

ripni-^ the nucleotide^ — / ~ 

- ^ re 2z - Depu ** u ' T^TZt-ce 1 lular domain of CTLA4. - 

CTLA41S LSEOiDHaaO) having wddtype exu^lw 

t is 17- to read as follows: 
Pi ease amend the specific. "^^^^ .ffittffiU^ 

- Rgure 23: Depicts the nucieot.de ^ ^ ^ ^ posltl0n 
sequences of L104EIg starting at me«h,o„,ne at posmon It 

H24, or a.anine at position -1 to aspartic add at position +1.4.-. 

»7 Wd9-21 to read as follows: 

..Rgure 24: Depicts me nucleottde [SEQ^L_-_ «d « 

HO ■ 1« of L.04EA29YIg starting at methromne a, post. 

'^^^^ ■, „„ l tnasDartic acid at position t124.-. 

position +124, or alanme at position -1 to aspaiti 

■ „,t lines ->3-25, to read as follows: 

_ Figure 25: Depicts the nucleotide ^OJDJ^_- ^ ^ at 

,D NO, 16! of U04EA29LIg starting at methionine a, pos tio 

v „»7 unpc -J7-?Q, to read as follows: 
P,ease amend the specification > ^"V^ md ^ ac ,; d fences tSE2 
- F.g- 26: Depicts trinucleotide CSEGlOl^ + „, aspartic acW . 

rn MO ■ , » of U04EA29TIS starting at metnionme a, p^.L-n - 
or 3l an,ne , position -1 to asp* acid at position +>-4. -. 
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Please amend the specification at page S, lines 1-3, to read as follows: 

- Figure 27: Depicts the nucleotide fSEQ ID NO.: 19) and amino acid sequences fSEQ 
ID NO.: 20) of LI 04EA29WIg starting at methionine at position +1 to aspartic acid at 
position -1-124, or alanine at position -1 to aspartic acid at position -+124.-, 

Please amend the specification at page S, lines 22-25, to read as follows: Please replace 
the paragraph at page 9, lines 22-25, with the following rewritten paragraph: 

- Figure 37: [Figure 35] Depicts the results of a FACS assay, showing LI 04EIg and 
L104ES25RIg bind CHO ceils stably transfected with human CD'80 or CD86. A) 
L104EIg and L104ES25RIg bind to human CDS0 CHO-transfected cells; B)-L104EIg 
and L104ES25RJg bind to human CD86 CHO-transfected cells.-. 

Please amend the specification at page 11, lines 1-8, to read as follows: 

- One embodiment of a soluble CTLA4 has been deposited with the American Type 
Culture Collection (ATCC) in Manassas, Maryland, under the provisions of the Budapest 
Treaty on May 31, 1991 and has been accorded ATCC accession number: 68629. ATCC 
68629 is DNA encoding CTLA41& Additionally, the CTLA4Ig-24 CHO cell line has 
been deposited with the A.TCC under the Budapest Treaty on May 31, 1991 and has been 
accorded accession number ATCC 10762. DNA encoding L104EA29YIg was submitted 
for deposit on June 19, 2000 with the American Type Culture Collection (ATCC), 10801 
University Blvd., Manassas, VA 20110-2209. [The ATCC accession number has not yet 
been assigned.] The DNA encoding L104EA29YIg has been accorded ATCC accession 
number PTA-2104. - 

Please amend the specification at page 33, lines 2-21, to read as follows: 

- Because a signal peptide for CTLA4 was not identified in the CTLA4 gene, the N- 
terminus of the predicted sequence of CTLA4 was fused to 'the signal peptide of oncosiatin 
M (Malik et al., Mot, and Ceil Biol. 9:2847 (.1989)) in two steps using overlapping 
oligonucleotides. For the first step, the oligonucleotide. 
CTCAGTCTGGTCCTTGCACTCCTGTTCCA.AGCATGGCGAGCATGGCAATGCACG 
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^ * -0 1.1 of ,6 («p«— • — 

of a solution of known absorbance). Molecular weight standards Ua'.ies 1 ^ 

and santp.es 0 micro ^ of CTLA4Ig 0- 2 and 4, were suited to S, -PAG t 

12% acrv.amide ^ad.ent, under no,reducin g conditions (• MM. 1 

■ , «^ nnH Proteins were visualized by staining wall 

• reducing conditions (+ beta Mb, lanes j and 4) Pio.ems 

Cooraassie Brilliant Blue. -. 

■ ~ iii-.Pcio.il to read as follows: 
Please amend the spscttcafon at page, l,n=s l^l,>ot ^ 

' • „c m A4 r-ceotor protein in human lymphoid cells has na 
- Because the expression of CTLA4 uceptor p.o 

nec-ssarv to locate a source of CTLA4 mRNA. cDi« 
been previously reported, it was necssary to 

was reverse transcribed from the total ceUula, RNA of H3S cells, as noted 
US ed for clomng by POL For 0ns purpose, the oHgouuc eo„ e, 
GCAATGCACGTGGCCCAGCCTGCTGTCGTAGTG Klim^-*- ^ 
fu , t , , »o acids m the predicted coding seouence) was used as a forward pnmer, and 
TGATGTAACATGTCTAGATCAATTGATGGG.AATA.AAAT,AAGGCTG ^EQ—JS 

NO - ,5) (homologous ,0 the .ast f ana.no acids in CTLA4 and containing a Xba »») . 

~nme, The temp.ate again was a cDNA seized -rem 1 micro gram R, A 
fro m H3S ce,.s. Products of the PCR reaction were cleave, w„ th= r - 
endonudeases Nco I and Xba 1 and .he resuittng 3 1 6 bp product was ge, puntied. 
bp Hind IH/Nco I fragment from the CTLAIg fusion described above was a so ^ 
plified, and both restnetion fragments were hgated into Hind m/Xb. I Ceaved CDMS 
to form OMCTLA. •-. 

Please amend the specification at page 36, lines 2 1 -25, to read as foilows: 

Receotcr—globuUn C gamma (IgCv ) nisvon pro«=,ns B7Ig and CM** were 
spared as descrtbed by Linsley , al„ in Mi "3^730 <>»<>. —ted hy 
reference herein. Bnefly, DNA encoding ammo add seo.uences corresponding to * 
K s P ective receptor protein (e.g. B7) was pined to DNA encoding ammo acd seuuenc 
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correspo 
as follows 



ndir* to Mng,, CH2 and CH3 «gtons of human I g M. This was accomp.1 



iclished 



Please amend the specification at page 37, lines 6-25, to read as follows: 

P^m.d^tmcfinn. Express*,, P Iasm,ds containing cDNA encoding UU. £ 
de^by Ana. and Seed, r^NML^LUSA 84*573 (.987)), were provide 
b v Drs, An,0b and Seed (Mass Genera, Hospital, Boston, MA). Plasmids containing cDN A 
encoding CDS, (as desenbed by Aniffo, Cel. 61:1303 (. 990)), were provided by Dr. Arutfo. 
Plasmids contaming cDNA encoding B7, (as desenbed by Freeman et al. UdML 
,43-714 (1959)), were provided by Dr. Freeman (Dona Farber Cancer Institute, Boston, 
MA7 For initial W at expression of solub.e forms of CD28 and B7, constmcts were 
made (OMCD28 and OMB7) as desenbed by Lins.ey e. a,., LM^i, ■ »» !** 
stop codens were introduced upstream of the transmembrane domains and the native si^a 
peptides were rep.aced w,«h the signa, peptide from oncostatm M (Ma„ k e, a,., MsLCdl 
B,o. 9-S47 (1989)). These were made using synthetic oligonucleotides for reconstruction 

* „> ' • . ™rR71 for PCR OMCD28, is a CD28 cDNA modified for 

(OMCD28) or as pnmers (OMB >) tor ru^. 

more efficient expression by reccing me signa. peptide with the analogous region from 
on cos,a,,nM. C D2SI S and B7. g & s,on constructs were made in two parts. The, portions 
were made using OMCD28 and OMB7 as temp.ates and the °hgonudeot,d ■ 
CTAGCCACTGAAGCTTCACCATGGGTGTACTGCTCACAC (SHQ P.NM 

(encoding the amino acd sequence corresponding to the oncostafn M signa. peptide, as a 

and eimer 

forward primer, 

TGGCATGGGCTCCTGATCAGGCTTAGAAGGTCCGGGAAA (SmJDND^ I or, 
TTTGGGCTCCTGATCAGG.A.A.A.ATGCTCTTGCTTGGTTGT (MM » 
reverse onmei, respective,.. Products of the PCR reactions were cleaved with restnction 
endonucleases (Hindin andBclI) as sites introduced in thePCR pnmers and S =. punned- 
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Piease amend the specification at page 37, lines 27, through page 38, line 9, to read as 
follows: 

„ The 3' portion of the fusion constructs corresponding to human IgCgl sequences was 
made by a coupled reverse transcriptase (from Avian myeloblastosis virus;: Life Sciences 
Associates, Bayport, NY>PCR reaction using RNA from a myeloma cell line producing 
human-mouse chimeric raAb L6 (provided by Dr. P. Fell and M. Gayie, Bristol-Myers 
Squibb Company, Pharmaceutical Research Institute, Seattle, WA) as template. The 
oligonucleotide, 

A.AGC.AAGAGCATTTTCCTGATCAGGAGCCCAA.ATCTTCTGAC^AAACTCACA 

CATCCCCACC'GTCCCCAGCACCTGAACTCCTG fSF.Q ID NO.: 29) was used as 

fonvard P rimer > and 

CTTCGACCAGTCTAGAAGCATCCTCGTGCGACCGCGAGAGC (SE QTDNO.: 30) 

as reverse primer. Reaction products were cleaved with Bell and Xbal and gel purified. 
Final constructs were assembled by iigating Hindm/Bcll cleaved fragments containing 
CD23 or B7 sequences together with Bcll/Xbal cleaved fragment containing tgCvi 
sequences into Hindffl/Xbal cleaved CDM8. Ligation products were transformed into 
MC1061/ P 3 E. coli cells and colonies were screened for the appropriate plasmids. 
Sequences of the resulting constructs- were confirmed by DNA sequencing. -. 

Please amend the specification at page 38, lines 17-24, to read as follows: 
~ CD5Ig was constructed in identical fashion, using 
CATTGCACAGTCAAGCTTCCATGCCCATGGGTTCTCTGGCCACCTTG (S1Q_JD 
NO: 31) as fonvard primer and 

ATCCACAGTGCAGTGATCATTTGGATCCTGGCATGTGAC ( SEQ ID NO.: 3 21- as 
reverse primer: The PGR product was restriction endonuclease digested and ligated with the 
IoCv 1 fragment as described above. The resulting construct (CD5Ig) encoded a mature 

ZD- *3 

protein having an ammo acid sequence containing amino acid residues from position 1 to 
position 347 of the sequence corresponding to CDS, two amino acids introduced by the 
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' „.;a.- nm fHHw^ bv DNr encoding amino acids 

construction procedure (ammo acias L»Q), fc^ow*.*. o,-. 

corresponding to the IgQv__l hinge region. --. 

Please amend the specification at page 39, lines 21-30, to read as. follows: 

i^m^nina and FACS* Analysis. Transfected CHO or COS cells or activated T 
cells were analyzed by indirect iinmunostaimng. Before staining, CHO cells were removed 
from their culture vessels by incubation in PBS containing 10 mM EDTA. Cells were first 
incubated. with murine mAbs 9.3 (Hansen et al., Tmmimo genetics 10:247 (1980)) or BB-1 
(Yokochi et aL J. Immunol. 128:823 (1981)), or with Ig fusion proteins (all at 10 micro 
grams/ml in DMEM containing 10% FCS) for 1-2 h ai 4 °C. Cells were then washed, and 
incubated for an additional 0:5-2h at 4 °C with a FITC-conjugated second step reagent (goat 
anti-mouse Ig serum for murine mAbs, or goat anti-human Ig Ci_ serum for fusion proteins 
(Tago, Inc., Burlingame, CA)). Fluorescence was analyzed on a FACS iY R cell sorter 
(Becton Dickinson and CO., Mountain View, CA) equipped with a four decade logarithmic 
amplifier. — . . 

Please amend the specification at page 40, line 8, through page 41, line 5, to read as 
follows: 

- mAbs. Murine monoclonal antibodies (mAbs) 9.3 (anti-CD2S) and G19-4 (anti-CD3), 
G3-7 (anti-CD7),BB-l (anti-B7 antigen) and rat mAb 187.1 (anti-mouse kappa chain) have 
been described previously (Ledbetter et al., Proc. Natl. Acad. Sci. 84:1384-1388 (1987); 
Ledbetter et al., BJood 75:1531 (1990); Yokochi et al., supra) and were purified from ascites 
before use. The hybridoma producing mAb OKT8 was obtained from the ATCC, 
Rockville, MD, and the mAb was also punfied from ascites before use. mAb 4G9 (anti- 
CD^) was provided by Dr. E. Engleman, Stanford University, Palo Alto, CA). Purified 
human-mouse chimeric mAb L6 (having human Cvl Fc portion) was a gift of Dr. P. Fell 
and M, Gayle (Bristol-Myers Squibb Pharmaceutical Research Institute, Seattle. WA). 
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Please amend the specification at page 41, lines 7-15, to read as follows: 

wn„nnst a inin g a »H FACS* Analysis . Prior to staining, COS or CHO cells were 
removed from their culture vessels by incubation in PBS containing 10 mM EDTA. Cells 
were first incubated with mAbs or Ig fusion proteins at 10 micro grams/ml m DMEM 
contaiiun* 10% FBS for 1-2 hr at 4 degrees C Cells were then washed, and incubated for 
aa additional 0.5-2 hrs at 4 degrees C with FITC-conjugated goat anti-mouse 
immunoglobulin or with FITC-conjugated goat anti-human Ig C, serum (both from Tago, 
Burlineame, CA). When binding of both mAbs and Ig fusion proteins were measured in the 
came exoeriment, FITC-conjugated anti-mouse and anti-human second step reagents were 
mixed together before use. Fluorescence on a total of 10,000 cells was then analyzed by 
FACS R . -. 

Please amend the specification at page 44, lines 10-17, to read as follows: 

Binding of CTLA 4T, on B7 Positive C HOcgHs. To further characterize the binding of 
CTLA4Ig and B7, the binding activity of purified CTLA4Ig on B7 + CHO cells and on a 
Ivmphcblastoid cell line (PM LCL) was measured in the expenment shown in Figure >. 
Amplified transfected CHO ceil lines and PM LCLs were incubated with medium only (no 
addition) or an equivalent concentration of human igQl-cQntaining proteins (10 micro 
grams/ml), of CD5Ig, CD2SIg or CTLA4Ig. Binding was detected by FACS R following 
addition of FITC-conjugated goat anti-human Ig second step reagents. A total of 10,000 
stained cells were analyzed by FACS' . 

Please amend the specification at page 46, lines 14-19, to read as follows: 
- Primary mixed lymphocyte reaction (MLR) blasts were stimulated with irradiated T51 
Ivmphcblastoid cells (LC) in the. absence or presence of concentrations of murine mAb. 9.3 
Fab fragments, or B7Ig, CD2SIg or CTLAAIg immunoglobulin Ci fusion proteins. Cellular 
proliferation was measured by [ 3 H]-thymidine incorporation after 4 days and is expressed as 
the percentage of incorporation by untreated cultures (21,000 cpm). Figure 9 shows the 
mean of quadruplicate determinations (SEM < 1 0%):--. 



Please amend the specification at page 48, lines. 8- 17, to read as follows: 

- These results demonstrate the first expression of a functional protein product of GTLA4 
transcripts. CTLA4Ig, a fusion construct containing the extracellular domain of CTLA4 
fused to an IgCvl domain, forms a disulfide-linked dimer of M r approximately 50,000 
subunits. Because no interchain disulfides would be predicted to form in the Ig portion of 
tins fusion, it seems likely that cysteines from CTLA4 are involved in disulfide bond 
formation. The analogous CD2SIg fusion. protein (Linsley et al, supra, 1991) also contains 
interchain disulfide lmkage(s). These results suggest that CTLA4 receptor, like CD28 
(Hansen et al., Immuno genetics 10:247-260 (1980)), exists on the T cell surface as a 
disulfide linked homodimer. Although CD2S and CTLA4 are highly homologous proteins, 
they are' immunologically distinct, because the anti-CD28. mAb, mAb 9.3, does not 
recognize CTLA4 (Figures 4 and 5). - 

Please amend the specification at page 57, lines 20-23 , to read as follows: 

- In addition, two mutants encoding the residues P103A and Y 104 A (MYPPAY [SEO_ 
ID no,-, 40) and .MYPPPA fSF.O TP NO.:. 41) , respectively) from the CD28lg 
99MYPPPY104 hexapeptide using CD28Ig as a template were also prepared by the same 
method. --. 

Please amend the specification at page 57, lines 30, through page 58, line 1 , to read as 
follows: 

-- These primers encoded the following sequences: 

CDMSFP:5'-AATACGACTCACTATAGG (SEP ID TO.: 33) 
CDM SRP : 5'-C AC C AC ACT GT ATTAAC C ( SBQ ID NO-.: 34) 

Please amend the soecification at page 58, line 29, through pa 3 e 59, line 2, to read as 




Applicants: Peter i ./a^siey ei al, ■' ■ . ' ■ - 

.U.S. Serial No. 09/609,9 15' -.■ ■ 

Filed: July 3, 2000 

Page 29 ' 

- HS7, HSS ; and HS9- constructs were prepared by replacing a -350 base-pair HindlMipal 
5' fragment of HS4, HS4-A. and HS4-B, respectively, with the equivalent cDKA fragment 
similarly digested from PIS 5 thus introducing the CDRl-Like loop of CTLA4 into those 
hybrids already containing the CTLA4 CDR3-4ike region. --. 

Please amend the specification at page 62, lines 29-3 1, to read as follows: 
-Several versions of the model with modified, assignments of some residues, to {3 -strands, or 
loops were tested using 3D-profile analysis (Luthy et al, 1992, Nature 336:33-S5) in order 
to improve the initial alignment of the CTLA4 extracellular region sequence with an IGSF 
variable fold. -- 

Please amend the specification at page 63, lines 12-15, to read as follows: 

- Regions of sequence conservation are scattered throughout the extracellular domains of 
these proteins with the most rigorous conservation seen in the hexapeptide MYPPPY fSEO 
.ID NO.: 35) motif located in the CDR3-like loop of both CTLA4 and CD2S (Figure 17). 
This suggests a probable role for this region in the interaction with a B7 antigen, e.g., B7-.1 
andB7-2. 

Please amend the specification at page 73, lines 1-45, to read as follows: 

- TABLE B. Binding - of CTLA4 and CD28 monoclonal antibodies to CTLA4Ig and 
CD28Ig mutant fusion proteins and to CTLA4/CD28Ig hybrid fusion proteins. 

anti-CTLA4 mAbs anti-CD28 mAb 

7FS 11D4 10A8 93 

CTLA4Ig MUTANT FUSION PROTEIN 

AYPPPY (SEP ID NO.: 36) +++ 
MAPPPY iS£OIDNO.: 37) 
MYAPPY (SEP ID NP.: 38) + 
MYPAPY (SEP ID NO.: 39) 
MYPPAY (SEP ID NO.: 40) +-H 



-H-H-Hr 



+ 
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• • MYPPPA (SEP ID NO.; 41 ) +++ ++ 
AAPPPY fSEQEDNO.: 42~T 4- ++ 

CD23Ig MUTANT FUSION PROTEIN . 

. MYPPAY (SEP ED NO.: 40) - - 
MYPPPA rSEQ ID NO.: 41) - - 

CTLA4/CD23Ig HYBRID FUSION PROTEINS 

HS1 - 

HS2 . . 

HS3 . . 

HS4 - . 

HS5 

US 6 + 

HS4-A - . 

HS4-B 

HS7 - . 

HS8 - + 

HS9 - + 

HS10 - . 
HS11 

HS12 . ■ . 

HS13 

HS14 



CTLA4Ig -h-+ +++ -H-i- 

CD28Ig ... _ +++ 

Antibody binding was rated from that seen for wild type protein (+++•) to above background 
(+), and no detectable binding (-). -. 

Please amend the specification at page 77, lines 12-17, to read as follows: 
- Experimental data, were first fit to a model for a single ligand binding to a single 
receptor (1-site model,, i.e., a simple .Iangmuir system, A+B<->AB). and equilibrium 
association constants (K ( |=[A]-[B]\[AB]) were calculated, from the equation 
R=Rnm'C/(Ko+C). Subsequently, data were fit to the simplest two-site model of ligand 
binding (i.e., to a receptor having two non-interacting independent binding sites as 
described by the equation R=R 1 ,i,xi-C\(Kj,+C}+R nm2 -C\(K J2 +C).-. 
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. Please amend the specification at page 84, lines 23-23., to read as follows: 

- From tyrosine +23 to threonine +30, a pool of degenerate forward primers were 
generated having the following sequence: 

5 ' CGA'GGC ATC GCT AGC TTT GTG TGT GAG XXK XXKXXK XXK XXK XXK 

XXKXXK GAG GTC CGG GTG AC A GT V (SEQ ID NO.: 43). 

Where X -any of the four nucleotides A, T, G, or C and K = either T, G, or C 

Each primer contained a Nhe I restriction enzyme cut site. --. 

Please amend the specification at page 84, lines 30-32, to read as follows: 

- The reverse primer had the following sequence: 

5' GGT TGC CGC AC A GAC TTC GGT CAC CTG GCT GTC AGC CTG CCG AAG 
C AC TGT CAC CCG GA 3 * fSEO ID NO.: 44) --. 

Please amend the specification at page 86, lines 24-3 1, to read as follows: 

- Five mutants were enriched through these 5 rounds o f panning. 

Mut 9 F-E-P-K-R-G-V-Q rSEO ID NO.: 45) 

Mutl9 W-n-O-Y-T-G-Y-G fSEO ID NO.: 46) 

Mut 71 W.f>-A-Y-B-N-0-0 fSEO ID NO.: 47) 

Mut 45 Y-n-H-P-Y-D-G-0 fSEO ID NO.: 48) 

Mut 4 W-n-Q-H-V-S-B-R fSEO ID NO.: 49) 

CTLA4 Y-A-S-P-G-K-A-T fSRO TP NO.: 50) 
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ca , rt rM.-r. , CATIONS CONTAINING 

NOTICE TO COMPLY -vEQUIREMENTb ^OK tAr^^A ^ s^LOSUftES 

-.NUCLEOTIDE SEQUENCE AND /OR AHINu n^iJ b~QUb^o D-^ 

j ■ \-\ ^ - t - r i- -< ; rtP'-; ri this soo! icat ion dec: ■ 
The nucleotide and/or a.ino acid fs-ce . - - - in 37 * CFR 1.821 - 

noC cotnolv with the requirements, for so,., d <u»c*cscw- 
1.S2S fcr the following reason ( si : 

M > ' , n ;, application clearly f.Ut " ™m ? ly u» 

_ 6 ,;' wic:;,-. «... « « - 

Mav "lS, i?90'and at 55 FR '18230, Hay 1, 1990. 

£Zf This aoolicaticn does not. contain, .as a separate part of the disclosure on 

paper copy, a. "Sequence Listing- as required by 37 CFR i:821(c). 

□ 3. A copy of the "Sequence Listing- in colter readable for* has not 'been 
submitted as required by 37 CFR 1.821(e). 

□ * ceo. ot the -,.*...« LUtin." In =o„ P u t „ ,e adlbl , £ .n. has bM n 

Sequence Listing." 

□ s. The *>- -.at ha= «... KM -«h thi, «U«« haaj^ 

£ c. u „= C o« da„.c, e d and/or ^""^ ^^"SfSSu^d' b^'' 

Report. A substitute computer read*Die rorm 

1.325(d). 

□ T • «.,_ ; ~ ot the same as the computer 

6. The caper copy of the "Sequence Listing is not 

readable for. of the "Sequence Listing- as required by 37 CFR 1.821(e). 
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Applicant must provide J cl^&X&A >U-M XtW ^ a K 

[3 An initial or substitute computer readlble form (CRF) copy of the "Sequence 

Listing" 

B An initial or substitute paper copy of the "Sequence Listing", as well as an 

amendment directing its entry into the specification 
E/f * ata ^r. t that the content of the paper and. computer readable copies are the .a* 
and. Jhere applicable, include no new matter, « require* by 37 CFR 1.821(e) or 
1. 021(f) or 1.321(g) or 1.325(b) or 1.825(d) 
' For questions reqardino compliance with the,, requirements, please contact 

For Pules Interpretation, call (703) 303-1123 
For CRF submission help, call (703) 303-4,1, 
For Patentin software help, call (703) 557-u«lu0 



Please return a copy of thro notice with your respon 
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SEQUENCE LISTING 



< 1 1 0 > Lir.sley, Peter S 

Ledbe tcer, Jeff rev A 
.'Bajorach, Jurgen 
Peach, .Robert: J 
Brady, William 
Wallace, Philip 
. Damle, Nit in , K 

<I20> SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 
<130> 30436. 30USI2 

<I4Q> OS/609,915 
<141>. 2000-07-03 

<150> 07/723/617 
<151> 1991-06-27 

. <150> 08/008, 898 
<151> 1993-01-22 

<150> 08/22-3,208 
<151> 1994-04-15 

<150> 08/539,436 
<151> 1995-10-05 

<150> 09/014 ,761 
<151> 1998-01-23 

<150> 09/603,825 
<151> 2000-06-26 

<150> 60/036,594 
<151> 1997-01-31 

<160> 50 

<170> Patentln version 3.1 

<210> 1 

<211> 636 

<212> DNA 

<213> Homo sapiens 

<400> 1 

atgggtgtac tgetcacaca gaggacgctg ctcagtctgg tccttgcact cctgtttcca 60 

agcatggcga gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga 120 

ggcatcgcca gctttgcgtg tgagtacgca tctccaggca aagccactga ggtccgggtg . 180 

acagtgctnc ggcaggctga cagccaggtg actgaagtcf gtgcggcaac ctacatgatg 240 

gggaatgagt tgaccttcct agatgattcc atctgcacgg gcacctccag tggaaatcaa 300 





c ta-tcjeaagg- 


actgagggec 


a t gg a c a egg 


gacte taeat 


c cgcaaggrg 


350 


gage tea eg t 


a ccc3.ee gc c 


atactacccg 


ggcataggca 


a egg a a c c c a 


ga t c t a tg ca 


420 


at tgatcca'g 


aaecgtgcec 


' agar, to tgac 


c tcctcctcc 


ggatccttge 


agcagttagc 


430 


teggggctgt 


t 1 t 1 1 ca tag 


ctt tcccctc 


acagctgttt 


ctttgagcaa 


aatgctaaag 


540 


aaaagaagee 


ctctcaeaac 


aggggee tat. 


gtgaaaatrge 


ccccaacaga 


gecagaatgt 


60 0 


ga. a a age a at: . 


; t teagectta 


t.ttcattccc 


atcaat 






636 



<210> 2 . 

<2.11> 212 

<212> PRT • 

<213> Homo sapiens . 

<40O> 2 

Mat Gly Val .Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 
1 '5. 1G 15 



Leu Leu Phe Pro Ser Met Ala Ser Met A.la Met His Val Ala Gin Pro 
20 25 30 



A.la Val Val Leu Ala Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 
35 40 45 



Tyr Ala Ser Pro Gly Lys Ala Thr Glu Val Arg Val Thr Val Leu Arg 
50 55 * 60 



Gin Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 
65 70 75 80 



Gly Asn Glu Leu Thr Phe Leu. Asp Asp Ser He Cys thr Gly Thr Ser 
35 90 95 



Ser Gly Asn Gin Val Asn Leu Thr He. Gin Gly Leu Arg Ala Met Asp 
: 1Q0 105 110 



Thr Gly Leu Tyr He Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 125 



Tyr Leu Gly lie .Gly Asn Gly Thr Gin He Tyr Val He Asp Pro Glu 
130 135 140 



I 



»u Ala Ala Val Ser 

Pro Cys tro 



uq P Ser A30 Phe Leu Leu .Trp He Leu — ~ - \ 



145 • . i5 °- 



G w' Leu Phe Phe Tyr Ser Phe Leu Leu Thr Ala Val Ser Leu Ser 
165 17u 

lvs „ et Lau Lys- Lys Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lys 

.ISO ' 185 

r.rr. ""ii o'nc nli Pro Tyr Phe 

Met Pro Pro Thr Glu Pro Glu Cys Glu. L/s .in . ae x 

1S5 . 200 



lie Pro He As: 
210 



<210> 3 

<:211> 223 . 

<212> . PRT 

<213> Homo sapiens 



< 



400> 3 



Met ■ J 



Leu Phe He Pro 
30 



Ala Cys Leu Gly Phe Gin Arg His Lys Ala Gin Leu Asn Leu Ala 
5 10 

Ala Arg Thr Trp Pro Cys Thr Leu Leu Phe Phe Leu 

2 0 25 

. T . t r-i~ prn Ala Val Val Leu Ala 

Val Phe Cys Lys Ala Met His Val *la Gin Pro A^a . 

35 40 

- rl , -I, A i a Se- °he Val Cvs Glu Tyr Ala Ser Pro Gly 
Ser Ser Arg Giy xle ^a be- .k . ^ 

50 . 55 

ty . M. Thr «. ,a'W»- Ali S " 

65 70 75 

, ^ v ^ r»- -a A" 1 a Th- Tvr Met Met Gly Asn Glu Leu Thr 
Val Thr Glu Val Cv& «xd A^a in. 95 

3 5 90 

, _ q „ t 1 p> rv S . Thr Glv Thr Ser Ser Gly Asn Gin Val 

Phe Leu ago Asp Se^ I-e ° > 



110 

I *J 'J 



105 



Asn Leu Thr He Gin Gly Leu Arg Ala Met Asp Thr Gly Leu Tyr He 

115 i - U 



0 , s r.vs Val. Glu Leu Mac Tyr Pro Fro Pro Tyr Tyr -Leu Glylxe u,y 
" liO 135 - ■■■■■■ 1« . 

Ash Giv Thr Gin He Tyr Val II, Asp Pro Glu Pro Cys Pro Asp Ser 

145 ' 150 155 . 

Asc Phe Leu Leu Trp lie Leu .Ala Ala Val 3er Ser Gly Leu Phe Phe- 

Ser Lys Met Leu Lys Lys 



190 



T> r r °er Phe' Leu Leu Thr Ala Val Ser Leu 
1 ~ ISO 135 

a . q S e- Pro Leu Thr Thr Gly Val Tyr Val Lys " Met Pro Pro Thr Glu 
^ 5 ' 195 . 200".. ^05 

Pro Glu Cvs Glu Lys Gin Phe Gin Pro Tyr Phe lie Pro He Asn 
210. ' 215 . 22 0 



<210> 4 

<211> 223 

<212> PRT 

<213> Mus musculus 

<400> 4 

Met Ala Cvs Leu Giv Leu Arg Arg Tyr Lys Ala Gin Leu Gin Leu Pre 
! ' ■ 5 10 15 



Se- Arg Thr Trp Pro Phe Val Ala Leu Leu Thr Leu 
20 25 



Leu Phe lie Pro 
30 



Val Ph- Ser Glu Ala lie Gin Val Thr Gin Pro Ser Val Tyr Leu Ala 
35 40 15 




Phe Leu Asp Tyr Pro Phe Cys Ser .Glv Thr Phe Asa Glu Ser Are Val 
100 . . ICS no' 

Asn Leu Thr lie Gin Gly Leu Arg Ala Val Asp Thr Gly Leu Tvr Leu 
115 120 ' 125 

Cys Lys Val Glu Leu Met Tyr 9rb Pro Pro Tvr Phe Val Glv Met Gl" 
130 135 14C . ~:. 

Asn Gly Thr Gin He Tyr Tyr He Asp Pro Glu Pro Cv S o ro Asd ' Se 1 " 
145 ISO 155 ' ISO 

Asp Phe Leu Leu Trp He Leu Tyr Ala Val Ser Leu Gly Leu Phe Phe 

155 170 ' . 175 ' 

Tyr Ser Phe Leu Val' Ser Ala Val Ser Leu Ser Lys Met Leu Lvs Lys 

130 185 iqr. 



Arg Ser Pro Leu Thr Thr Gly Val Tyr Val Lvs 



Met Pro Pro Thr Glu 



195 2 00 2 05 



Pro Glu Cys Giu Lys Gin Phe Gin Pro Tvr Phe He Pro lie asn 
210 215 220 



<210> ' 5 

<211> 218 

<212> PRT 

<213> Hus tnusculus 

<400> 5 

Met Thr Leu Arg Leu Leu Phe Leu Ala Leu Asn Phe Phe Ser Val Gin 
1 5 10 15 

Val Thr Glu Asn Lys H e Leu Val Lys Gln Ser prQ Lgu ^ ^ 
20 25 30 



Asp Ser Asn Glu vai Ser Leu Ser Cys Arg Tyr Ser Tvr Asn Leu Leu 

40 45 

Ala Lys Glu Phe Arg Ala Ser Leu Tyr Lys Gly Vai Asn Ser Asp Vai 



5 5 



60 



Giu Val Cys Vai Gly Asn Gly Asn Phe Thr Tyr Gin Pro Gin Phe Ara 
° 5 70 75 80'" 



«a 01. Ph. A.n c ya A.p 0 ly ; *Ph. W » = *.l 

85 J>y - 

, Tb . . a st) He Tv-r Phe 
T „ t Phe Arg . Leu Trp Asn Leu His Val Asn Th. ~sp ^ - 

100 . . ' ■ 



cys ,y, II. Olu P*. H.C Tyr ,„ P~ Pro Tyr «• 

ser « oi y T,, u. n. * n. ^ «» - «*• Thr 

130 . x35 

Gla s . r s .;.pro w . «» «- r^s val val "* Gly is 

150 1 

145 

Cys .Ty, - - val V.I.*. - Cy. v.! U. f» 

■ 165 . 

x/^i t^t- Tvr Met Asn Met 
Thr Asa. Ser Arg Arg Asa Ar 9 Leu Leu Gin Val T.r T, r ^ 

.180 135 

T ht P„ « S «, *o 0* - TJJ «0 *~ Tyr Cln PC V - 

195 ~ UU 

Pro Ala Arg Asp ?he Ala Ala Tyr Arg Pro 
210 215 



<210> 6 . 
<211> 218 
<212> PRT 

<213> Rattus norvegicus 
<400> 6 

^ - a ^ tpu Ser Phe Phe Ser Val Gin 
Met Thr Leu Arg Leu Leu Phe ueu Axa Leu Ser ^ 

1 5 

V,l ttr «W M. «*. Hi - val Lys 01, K. X* vol Ty, 

20 

W „a «■ 0* val S.r Leu *r Cy. «. Tyr S« Tyr - », 

35 40 



a Lys. Glu Phe Arc 
50 



Ser Leu 



Glu Val Cys Val Gly Asn Gly Asn Phe Thr Tyr Gin Pro Gin Phe Arg 

70 75 SO 



Pro Asn Val Gly Phe Asn Cys Aso Gly. Asn Phe Aso Asn Glu Thr Va] 

35 ' c i; . 



Thr Phe Arg Leu'Trp Asn Leu As 



95 



o Val Asn His Thr Asp lie Tvr Phe 



.100 105 no' 



Cys Lys lie Glu Val Met Tyr Pro Pro Pro Tyr Leu Asp Asn Glu Lv 
115 I2C 125 " 



Ser Asn Gly Thr lie lie His lie Lys Glu 



Lys His Leu Cvs His Ala 



130 135 140 



Gin Thr Ser Pro Lys Leu Phe Trp Pro Leu Val Val Val Ala Gly Val 
145 150 . .155 1S0 

Leu Leu Cys Tyr Gly Leu Leu Tyr Thr Val Thr Leu Cys lie lie Trp 
165 170 175 

Thr Asn Ser Arg Arg Asn Arg Leu Leu Gin Ser Aso Tyr Met Asr (*-■- 
• 130 185 - 190 ' 

Thr Pro Arg Arg Leu Gly Pro Thr Arg Lys His Tyr Gin Pro Tyr Ala 
195 200 205 

Pro Ala Arg Asp Phe Ala Ala Tyr Ara Pro 
210 215 ' 



<210> 7 

<211> 220 

<212> PRT • 

<213> Homo sapiens 

<i00> 7 

Met Leu Arg Leu Leu Leu Ala Leu Asn Leu Phe Pro Ser He Gin v.i 
5 10 15 

Thr Gly Asn Lys lie Leu Val Lys Gin Ser Pro Met Leu Val Ala Tyr 
20 25 ™ 



Asp Asa Ala Tyr Asn .Leu Ser Cys ' Lys Tyr Sar Tyr Asn Leu Phe Se ; 
■ JJ ■ 40 ■ 45 



. Arg Giu Phe Arg Ala Sar Leu His Lys Gly Leu Asp Ser Ala Vai Glu 

" 55 ' . • 60 

Val Cys Vai Vai Tyr Giy Asn. Tyr' Ser Gin Gin Leu Gin Val Tyr s-r 

° D "70 - 

75 80 



Lys Thr Gly Phe Asn Cys Asp. Qly Lys Leu Gly A 



85 



90 



Asn Glu Ser Val .Thr 
95 



Phe Tyr Leu Gin Asn Leu Tyr Val As n Gin Thr Asp lie Tyr Phe Cys 
i0 ° 110; 

Lys lie . Glu Val Met Tyr Pro Pro Pro Tyr Leu Asp Asa Glu L vs Ser 

120 125 

Asn Gly Thr lie lie His Vai. Lys Gly Lys His Leu Cys Pro Ser Pro 

135 140 

Leu Phe Pro Gly Pro Ser Lys Pro Phe Trp Vai Leu Val Val Val Gly 

150 - 155. 16 o 



Gly Val Leu Ala Cys Tyr Ser L 



165 



eu Leu Tyr Thr Val Ala Phe lie 



170 



175 



Phe Trp Val Arg Ser Lys. Arg Ser Arg Leu Leu His Ser As* Tyr Met 
180 ' 185 



190 



Asn Met Thr Pro Arg Arg Pro Gly P : ro Thr Arg Lys His Tyr Gin Pro 

200 205 



Tyr Ala Pro Pro Arg Asp. Phe Ala Ala Tyr Ara Ser 

210 T-.c 

2Lb 220 



<210> 8 

<2il> 221 

< 2 12 > ?ot 

<213> Galius galius 



:400> 8 



3 



Met Leu Gly lie Leu Val val Leu Cys Leu lie ■■ Pro. Ala Ala Asp Val 
I 5 ' 10 15 ' . 



Thr GIu Asa Lys lie. Leu Val Ala Gin Arg Pro Leu Leu lie Val A1e 
2 0 25 3 0 



Asn Arg Thr Ala Thr Leu Val Cys Asn Tyr Thr Tyr Asn Gly Thr Gly 

35 4 0- 45 



Lys Glu Phe Arg Ala Ser Leu His Lys Gly Thr Asp Ser Ala Val Glu 
50 ' 55 60 



Val Cys Phe lie Ser Trp Asn Met Thr Lys lie Asn Ser Asn Ser Asn 
65 70 75 ' 30 



Lys Glu Phe Asn Cys Arg Gly lie His Asp Lys Asp Lys Val lie Phe 
85 90 95 . 



Asn Leu Trp Asn Met Ser Ala Ser Gin Thr Asp He Tyr Phe Cys Lys 
100 105 110 



He Glu Ala Met Tyr Fro Pro Pro Tyr Val Tyr Asn Glu Lys Ser Asn 
115 120 125 



Gly Thr Val He Kis Tyr Arg Glu Thr Pro He Gin Thr Gin Glu Pro 
130 135 140 



Glu Ser Ala Thr Ser Tyr Trp Val Met Tyr Ala Val Thr Gly Leu Leu 
145 150 155 160 



Gly Phe Tyr Ser Met Leu He Thr Ala Val Phe He He Tyr Arg Gin 
165 170 175 



Lys Ser Lys Arg Asn Arg Tyr Arg Gin Ser Asp Tyr Met, Asn Met Thr 
180 135 190 



Pro Arg His Pro Pro His Gin Lys Asn Lys Gly Tyr Pro Ser Tyr Ala 
195 200 205 



>ro Thr Arg Asp Tyr Thr Ala Tyr Arg Ser Trp Gin Pro 
210 215 220 



<210> ' "9 



<211> 1152 
<212> DMA 

<213> Artificial Sequenc 



<220> 

<223> Description of Artificial "sequence: CTLA4Ig 
<400> 9 

atgggtgtac tgctcacaca gaggaegctg ctcagtctgg tccttgcact cctgtttcca 
agcatggcga gcatggcaac gcacgcggcc cagcctgctg cggtaccggc cagcagccga 
ggcatcgcta gctttgtgtg tgagtatgca tctccaggca aagccactga ggtccgggttg 
acagcgcctc ggcaggctga cagccaggtg actgaagtct gtgcggcaac ctacatgatg 
gggaatgagt tgaccttcct agatgattcc acctgcacgg gcacctccag tggaaatcaa 
gtgaacctca ctatccaagg actgagggcc atggacacgg gactctacat ccgcaaggtg 360 
gagctcatgt acccaccgcc. ataccacctg ggcataggca acggaaccca gatttatgta 420 
attgatccag aaccgtgccc agattctgat caggagccca aatcttctga caaaactcac 



<210> 10 

<211> 383 

<212> ?RT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 Ig 



120 
13 0 
240 
3 00 



480 



acacccccac cgtccccagc acctgaactc ctgggtggat cgtcagtctt cctcttcccc 540 



600 



ccaaaaccca aggacaccct catgatctcc cggacccctg aggtcacacg cgtggtggtg 
gacgcgagcc. acgaagaccc cgaggtcaag ttcaactggt acgtggacgg cgcggaggtg 660 
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgcaccg ggtggtcagc 720 
gtcctcaccg tcctgcacca ggactggctg aatggcaagg agtacaagtg caaggtctcc 730 
aacaaagccc tcccagcccc catcgagaaa accatctcca aagccaaagg gcagccccga 
gaaccacagg tgtacaccct gcccccatcc cgggatgagc tgaccaagaa ccaggtcagc 
ctgacctgcc tggtcaaagg cttctatccc agcgacatcg ccgtggagtg ggagagcaat 960 
gggcagccgg agaacaacta caagaccacg cctcccgtgc tggactccga cggctccttc 1020 
ttcctctaca gcaacctcac cgtggacaag agcaggtggc agcaggggaa cgtcttctca 1080 
tgctccgcga tgcatgaggc tctgcacaac cactacacgc agaagagcct ctccctgtct 1140 
ccgggtaaat ga 



840 

soo 



1152 



<400> 10 

. . rn „ r ' w ^ G i„- ,rg Thr Leu Lea 3er Leu Val Leu Ala 

Met: Giv val . _ i5 

• ■' . r- ' ■ lU 

Le „ Leu Phe Pro s.r H« .la ser », d. H« «i. val ,1a Gin Pro 

2 0 25. 

iu val- val Leu ,1a Ser Se, Arg Gly He Ma Ser Phe Val Cys Glu 

' 35 40 . . 

■ T ,.. M= TTr C-lu Val Arg Val Thr Val Leu Arg 

Tyr Ala Ser Pro C-ly Ly = «1* -r^.-x- go 

, 50 55 
01. Ala Asp Ser Gla Val Thr olu val Cys «te «U T*r Tyr Mat *« 

70 ^ 

65 

G1 . Asn Glu Leu Thr Phe Leu Asp Asp Ser He Cys Thr Gly Thr Ser 

1 35 ,90 

ser Glv Asn Gin Val Leu Thr II. CI. Oly Leu «, Ala Mat Asp 

.100 -°- 



Thr Gly Le 



,r i r^^^ rw Mec Tyr Pro Pro Pre Tyr 
u Tyr He Cys Lys Val Glu Leu nee j./- ^ 



115 120 



ryr Leu Gly He Oly Asn Gly Thr Gin lie Tyr Val He Asp Pro Glu 



130 135 



Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 

145 "° 

rta ser Pro Pro ser Pro Ala Pro Glu Leu Leu Gly Gly ser Ser Val 

.165 . 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr 

130 133 

P „ olu v,l Thr cys val val Val A,p Val ser His Glu Asp Pro olu 



195 



_ ^. rl ,. G i u val His Asn Ala Lys 

Val Lys Phe Asn Trp Tyr Val Asp uly /al Glu 

10 



215 



11 



- „ v ^- -hr Tvr Arg Val Val Ser 

225 

C-'V Lvs Glu Tyr.Lys 
val Leu Thr Val Leu Mis Gin Asp Tro ,eu As..-. - 

.245 

^- p-o Tie Glu Lys Thr Us 
Cys Lys Val Ser Asa Lys Ala Leu «o Ax* P.o A ^ 
260 " 

o, n Vq i Tvr Thr Leu Pro 
s ,r Lv» Ala Lys Gly Gin- Pro Arg Gl.u Pro. V-l 
275 280 

S« w'mp «. - Thr «! «r T* - 

250 2 ^ 

Vl-Ly. Oly «» - /r P,o »r » P ». «< £ Glu Trp «K, S« »* 

310 

.3 05 

-nr- Thr Pro Pro Val Leu Asp Ser 
Gly Gin Pro Glu Asn Asn Tyr uys xnr Thr Pro ^ 
325 JJ 

P3P oly ~ M« S.r £ - ™ V.l «P £ =« »» 

340 

' , r.,- cp v val Met His Glu Ala Leu 

^rp Gin Gin Gly Asn Val .he Se, _ v./* — 3g5 

355 360 

„ is RS „ His xy, «r «n.W. s« - «- tic 

370 ^ 75 



<210> 11 

<211> H52 

<212> DNA 

<213> Artificial Sequence 



<220> 
<222> 



De.cripc.ion "of Artificial Sequence: LlOlElg 



<400> 11 ^ r , aCC hca tccttgeact cccguttcca 

atgggtgtac tgctcacaca gaggacgctg -.cag^-g. 

.gcacgacg. gcatggcaat gcacgtggcc cagcctgctg tggtact.gc cagca 5 ccga 
gg catcgcta gctttgtgtg tgagtatgca tctccaggca aagccactga ggtccgggtg 
acagtgcttc ggcaggct.a cagccaggtg actgaagtct gtgcggcaac ctacatgatg 



120 
180 







• 






• 




gggaatgag t 




agatgactcc 


atetgeaegg 


gcacctccag 


eggaaatcaa 


. 300 


gtgaacc tea 


c tacccaagg 


ac tgagggee 


a tggacaegg 


gaetctacat 


ctgcaaggtg 


36 0 


gage z cat gt 


acccaccgcc 


ataccacgag 


erg c a t agg ca 


acggaaccca 


gatttatgta 


420 


attgatccag 


aaccccgccc 


agattctgat 


caggagccca 


aatcttctga 


caaaactcac 


'4 8 0 


a c a c c c c a c 


cgtocccagc 


acc tgaactc 


ctggggggat- 


egteagee tt 


cctcttcccc 


540 


ccaaaaccca 


aggacaccct 


catgatcccc 


cggacccctg 


aggtcacatg 


cgtggtggtg. 


600 


gaegtgagee 


acgaagaccc 


tgaggtcaag 


ttcaactggt 


acgtggacgg 


cgtggaggtg 


. 650 


cataatgeca 


agacaaagee . 


9 c 999 a 53 a 9 


cagtacaaca 


gcacgtaccg 


tgtggtcagc 


720 


gtcctcaccg 


tcctgcacca 


ggactggctg 


aatggcaagg 


agtacaagtg 


caaggtctcc 


780 


aacaaag.ccc 


tcccagcccc 


catcgagaaa 


accatctcca 


aagecaaagg 


gcagccccga 


840 


gaaccacagg 


tgtacaccct 


gcccccatcc 


egggatgage 


tgaccaagaa 


ccaggtcagc 


900 


ctgacctgcc 


tggtcaaagg 


cttctacccc 


agegacateg 


ccgtggagtg 


ggagagcaat 


960 


gggcagcegg 


agaacaacta 


caagaccacg 


cctcccgtgc 


tggactccga 


cggctccttc 


1020 


ttcctctaca 


gcaagctcac 


cgtggacaag 


agcaggtggc 


agcaggggaa 


cgtc ttctca 


1080 


tgctccgtga 


tgcatgagge 


tctgcacaac 


cactacacgc 


agaagagee t 


ctccctgtct 


1140 


ccgggtaaat 


ga 










1152 



<210> 12 
<211> 383 
<212> PRT 

<213> .Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EIg 
<400> 12 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 
1 5 10 15 

Leu Leu Phe Pro Ser Met Ala Ser Met Ala Met Kis Val Ala Gin Pro 
20 2 5 3 0 

Ala Val Val Leu Ala 3er Ser Arg Gly lie Ala Ser Phe Val Cys Glu 
25 .40'. 45 

Tyr Ala Ser Pro Gly Lys Ala Thr Giu Val Arg Val Thr Val Leu Arg' 



13 



SO. SS • -60 



Gin Ala Asp Ser Gin Val Thr Glu Val Cys Ala Aia'lhr Tyr Mac Met 

6 b ' 0 

•Glv Asn Giu Leu Thr Phe Leu Asp Asp Ser lie Cys Thr Gly Thr 5e: 
85 90 95 . . 



Se- Glv Asn Gin Vai Asn Leu Thr He Gin Gly Leu Arg Ala Mec Asp 
. " 100 105 110 



Thr Glv Leu Tyr He Cys Lys Val. Giu Leu Met Tyr Pro Pro Pro" Tyr 
■■ ' H5 -120 125 



Tyr Glu Gly. He Gly Asn Gly. Thr Gin lie Tyr Val He Asp Pro Glu 
130 ' 135 140 



Pro Cvs Pro Asp Ser Asa Gin Glu Pro Lys Ser Ser Asp Lys Thr His 
145 " .150 155 16°. 

Thr S*r Pre Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 

163 170 175 



Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr 
180 185 190 

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Giu 
195 200 205 

Val Lys Phe Asn Trn Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 

Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 • 230 235 240 

Va"! Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
245 250 255 



Cvs Lys Val Ser Asn Lvs Ala Leu Pro Ala Pro lie Giu Lys Thr lie 
260 ' . 265 2 70 

Ser Lys Ala Lys Gly Gin Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro 



175 



280 285 



14 



?ro Ser Arc; Asr> m*, r 

290 ' rt=,n olr: 7ai ber ^ Thr Cvs Leu 

300 * 



310 * 315 



Val. Lys Gly Phe Tv'r Pro 
305 . " 310 

Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr 



05 r ■ J ^ cer Asp Ile Ala Vai-Glu Trp Glu Ser Asn 

320 



Fro Pro Val Leu Asn Ser 
330 33 5 

•**" GlYS " L8U T: " S " <••''«« *r val ASP tys „ r Ar9 

345 350 

Trp. Gin Gin Glv Asn Val Phe Ser Cvs Ser v-1 m.- »• ~i 

.355 ' er /al ,Meu Hls G lu Ala Leu 

3o0 3S5 

His Asa His Tyr Thr .Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 



375 380 



<2IC> 13 

<211> H52 

<212> DNA 

<213> Artificial. Sequence 
<220> 



<223> Description of 


Artificial 


Sequence : 


L1G4EA2S VXg 






<400> 13 














atgggtgtac 


tgctcacaca 


gaggacgctg 


ctcagtctgg 


tccttgcacc 


cctgtttcca 


60 


agcacggcga 


gcacggcaac 


gcacgtggcc 


cagcctgctg 


tggtactggc 


cagcagccga 


120 


ggcatcgcca 


gctttgtgtg tgagtatgca 


tctccaggca 


aatatactga 


ggtccgggtg 


iao 


acagtgcttc 


ggcaggctga 


cagccaggtg 


actgaagtct 


gtgcggcaac 


ctaca tgatg 


240 


gggaatgagt 


tgaccctcct 


agatgattcc 


atctgcacgg 


gcacctccag 


tggaaatcaa . 


300 


gtgaacctca 


ccacccaagg 


actgagggcc 


atggacacgg 


gactctacat 


ctgcaaggtg 


360 


gagcccatigt 


acccaccgcc 


staetacgag 


ggcataggca 


acggaaccca 


gatttatgta 


420 


atfcgatccag 


aaccgtgccc 


agattctgat 


caggagccca 


aatcttctga" 


caaaactcac 


480 


acatccccac 


^ g c c c c c acr c 


scctgaactc 


ctggggggat 


cgccagtctt 


cctctteccc 


540 


ccaaaaccca 


aggacacccc 


catgatctcc 


-ggacccctg 


aggtcacatg cgtggtggtg" 


600 


gacgcgagcc 


acgaagaccc 


tgaggtcaag 


ttcaactggt 


acgtggacgg 


cgtg y aggtg 


660 



15 









cagtacaaca 


gcacgtaccg 




"7 0 


cataatgeca- 


aaac a a age c 


gegggaggag 




accctcaccg 


c cc cgcacc a 


ggac tggc <~g 


a a eggcaagg 


ageacaageg 




780 


aacaaagccc 


tcccagcccc 


caccgagaaa 


accacctcca 


aagecaaagg 


gcagccccga 


34 0 


gaaccacagg 


cgtacacccc 


gcccccatcc 


egggatgage 


tgaccaagaa 




90 0 


ctgacctgcc 


tggecaaagg 


cctctatccc 


agegacateg 


ccgtggagtg 


goagagcaa^ 


9 60 


gg9 ca "^ L 3 3 


acraacaac ta 


caag'accacg 


ccccccgcgc 


• tggac tccga 


cggctccttc 


1020 


ttcctctaca 


. gcaagctcac 


cgtggacaag 


agcaggtggc 


agcaggggaa 


cgtcttctca 


1090 


tgctccgtga 


tgeatgagge 


tctgcacaac 


cactacacgc 


agaagagee t 


ctccctgtct 


1140 
1152 



ccgggtaaat ga 



<210> 14 

<211> 383- 

<212> PRT 

<213> Artificial Sequence 



llltl .Description of .Artificial .Sequence : L104EA29YIg 



<400> 14 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu VaL Leu Ala 



Leu Leu Phe Pro Ser Met Ala Ser Met Ala Men His Val Ala Gin Pro 

20 25 

Aia Val Val Leu Ala Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 
35 « 45 

Tyr Ala Ser Pro^ Gly Lys Tyr Thr Glu Val Arg Val Thr Val Leu Arg 

50 55 

Gin Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 



65 70 



Glv Asn Glu Leu Thr Phe Leu Asp Asp Ser lie Cys Thr Gly Thr Ser 
85 90 . 

Ser Glv Asn Gin Val Asn Leu Thr He Gin Gly Leu Arg Ala Met Asp 
100 105 - 3 



Thr Glv.Leu Tyr He Cys Lys Val Glu Leu Met Tyr Fro Pro Fro Tyr 
115 120 125 



Tyr Glu Gly He Gly Asn Gly Thr- Gin He Tyr Val lie Asp Pro Glu 
130 135 140 



Fro Cys Pro Asp Ser Asp Gin Glu Fro Lys Ser Ser. Asp Lys Thr His 
145 15C 155 150 



Thr Ser Fro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165 170 175 



Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met xle Ser Arg Thr 
180 1S5 190 



Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu 
. 195 200 - 205 



Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 



Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 * 235 240 



Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 

245 . • 250 255 



Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr lie 
260 265 270 



Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 280 285 



Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 
290 295 300 



Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn 
305 * 310 315 320 



Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
325 * 330 335 



Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 



17 



540 



Tru Gin Gin Glv Asn Val Phs Ser Cys Ser Vai 



Me c His Glu Ala Leu 



355 '360 .365. 

His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Sar Pro Gly Ly 
370 . 375 j8 ° 



<210> 15 
<211> . 1152 
<212> DMA 

<213> Artificial Sequence 

<223>" .Description of Artificial Sequence: L104EA29LIg 



atgggtgtac tgctcacaca gaggacgctg. ctcagtctgg tccttgcact cctgtcccca 
agcatggcga gcatggcaat gcacgtggcc cagcctgctg .tggtactggc cagcagccga 
ggcatcgcta gctttgtgtg tgagtatgca tctccaggca aactgactga ggtccgggtg 
acagtgcttc ggcaggctga cagccaggtg accgaagtct gtgcggcaac ctacatgatg 
gggaatgagt tgacctticct agatgattcc atctgcacgg gcacctccag tggaaatcaa 
gtgaacctca ccatccaagg actgagggcc atggacacgg gactctacat ctgcaaggtg 
gagctcacgt acccaccgcc atactacgag ggcacaggca acggaaccca gatttatgta 
■ attgacccag aaccgtgccc agattctgat caggagccca aatcttctga caaaactcac 
acatccccac cgtccccagc acctgaactc ctggggggat cgccagtctt cctctecccc 
ccaaaaccca aggacaccct catgatcccc cggacccctg aggtcacatg cgtggtggtg 
gacgtgagcc.'acgaagaccc tgaggtcaag' ttcaactggt acgtggacgg cgtggaggtg 
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgtaccg tgtggtcagc 
■gtcctcaccg tcctgcacca ggactggctg aatggcaagg agtacaagtg caaggtctcc 
aacaaagccc ccccagcccc catcgagaaa accatctcca aagccaaagg gcagccccga 
gaaccacagg cgtacaccct gcccccatcc cgggatgagc tgaccaagaa ccaggtcagc 
ctgacctgcc tggtcaaagg cctctatccc agcgacatcg ccgtggagtg ggagagcaaz 
gggcagccgg .agaacaacta caagaccacg cctcccgcgc tggaccccga cggctccttc 
ttcctctaca gcaagctcac cgcggacaag agcaggtggc agcaggggaa cgccttctca 
cgctccgcca tgcatgaggc tctgcacaac cactacacgc agaagagcct ctccctgccc 



180 

240 

300 

360 

420 
480 
540 
600 
660 
720 
730 
640 
300 
S60 
102C 
1080 
1140 



13 



C C QQQ »- a S. 3. 1 



<210"> 15 

<211> 333 



<212> PRT 

<213> Artificial Sequence 
<22G> 

c223> Description of Artificial Sequence: L104EA29LIg 

<400> 16 . 

Met Gly Val Leu Leu Tar Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 
1 5 10 15 



Leu Leu Phe Pro Ser Met Ala Ser Met Ala Met His Val Ala Gin Pro 
20 25 30 



Ala Val Val Leu Ala Ser Ser Arg Gly lie Ala Ser Phe Val Cys Glu 
.35 4 0 45. 



Tyr Ala Ser Pro Gly Lys Leu Thr Glu Val Arg Val Thr Val Leu Ara 
50 55 60 



Gin Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 
65 70 75 80 



Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser He Cys Thr Gly Thr Ser 
95 90 95 



Ser. Gly Asn Gin Val Asn Leu Thr He Gin Gly Leu Arg Ala Met Asp 
100 . 105 110 



Thr Gly Leu Tyr He Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 125 



Tyr Glu Gly He Gly Asn Gly Thr Gin He Tyr Val He Asp Pro Glu 
130 135 ■■ 140 



Pro Cys Pro Asp Ser Asp Gin Glu Pro Lvs Ser Ser ^so Lvs t a s,- --i 

14 5 " , S r. * ' \~ ;v 

- J -* l o 



Thr Ser Pro Pro Ser Pre Ala Pro. Glu Leu Leu Gly Gly Ser Ser Vai 
165 170 " 175 



1° 



a -r ^b" Leu Mac x 1 ~ b ;; 
- 0,-0 Pro Lys Pro uy* * 190 

?he. Leu >Aie r " . 13d 

-i u A5w Pro Glu 
val Thr cysval valval Asp yaISer-=^ 5 



p r0 Glu vaj. -i-- -- 200 
' 195 



„ , v .l His Asn Ala !*• 

■ , frPbP ^TrpTyrV S lAspOlyVaia. 1; . o 

• Val ^»Y* . . 215 

210 

-fvr Arq Val Val Ser 
- ,~ -L--. Spr Thr lyr hj.^ 

245 

' a ,a Pro He Glu Lys Thr lie 

■ va1 s . r Asn Lys Ala Leu Pro Ala Pro ^ 

CVS Lys Vai b ~ 2bb 
2 60 

Pro 



rv , P .o Gin Val Tyr Thr Leu 
LvsGly Gin Pro Arg Gla P^o u 
Ser Lys Ala Lys oJ.y ^ 
275 

ser Leu Thr Cys Leu 
r -re Hen Gin Vax a ej - 
o se- Arg AS* Glu Leu Thr L/s Asn ^ 

pro se*. - 295 

290 

^ „ „- w lie »U V.1 01- «P S « 

v.l Ly. Oly Pte Tyr Pro s«. ..s. 

305 

,w ,v. r oro Pro Val Leu Asp Ser 
Glv Gl. Pro Glu AsnAsn Tyr LysThr.hr.. 

TRU Thr val Asp Lys Ser Arg 
, ^ r Phe Phe Leu Tyr Ser Lys Leu Thr ^ 
Asp Gly ser Pne . 345 

34 0 

e rvs Ser Val Met His- Glu Ala Leu 
r1n Gln giv Asn Val Phe Ser Cys Ser ^ 

Trp Gin Gin U - L - / 
355 

Hi. A-h HiB Tyr Thr uln Ly* 390 

370 



<210> I 7 
<2U> l^ 52 

;;; 3> Artificial Sequence 



20 



<220> 

<223> De s c r i c r. ion c > r s t -f _ 

- ^^iic.ai Sequence: L1C4EA2 9TIq 

<4C0>" 17 

atgggcgt.c tgctcacaca gaggacgctg cccagcccgg qcc'ttgcact cccgtrtcca 
agc.atggcga gcaCggcaat gcacgtggcc c.agcctgctg tggtactggc cagcagccga 
■ ggcatcgcca .gctctgcgtg tgagtatgc. tctccaggca aaaccactga ggtccgggtg 
acagcgcttc ggcaggctga cagccaggtg actgaagtcc gtgcggeaac ctacacgatg 
gggaa.gagc cgacctcccc agatgattcc atctgcacgg gcacctccag cggaaatcaa 
gtgaacccca ctacccaagg actgagggcc atggacacgg gactctacat . ctgcaaggtg 
gagctcatgt- acccaccgco atactacgag ggcataggca acggaaccca " gatttatgca 
attgatccag aaccgtgccc agattctgat caggagccca aatcttctga caaaactcac 
acatccccac cgtccccagc acctgaactc ctggggggat cgtcag.tctt cctcttcccc 
ccaaaaccca acgacacccc catgatctcc cggacccccg aggtcacatg cg tggtggtg 
gacgtgagcc accaagaccc tgagg tca ag ttcaactggt acgtggacgg cgtggaggtg 
cataatgcca agacaaagcc gcgggaggag cagtacaaca gc.cgt.ccg.' tgtggtcagc 
gtcctcaccg tcctgcacca" ggactggctg' aatggcaagg agtacaagtg caaggcctcc 
aacaaagccc tcccagcccc catcgagaaa accatctcca aagccaaagg gcagccccga 
gaaccacagg tgt.caccct gccccc.tcc cgggatgaoc cgaccaagaa ccaggtcagc 
ctgacctgcc tggtcaa.gg cttctatccc agcg.catcg ccgtggagtgggag.gc.ac 
gggcagccgg agaacaacta caagaccacg. cctcccgtgc tggactccga cggctccttc 
ttcctctaca gcaagctcac cgtggacaag agcaggtggc agcaggggaa cgtcttctca 
tgctccgtga. tgcatgaggc tccgcacaac c.ctacacgc agaagag.ct ctccctgtct 
c cgggtaaat ga 



<210> 18 
<2ll> 353 
<212> PRT 



<213> Artificial Sequence 



<220> 



<-2^> Description cf Artificial Sequence: LlC4EA2STIg 
<400> 18 

Met Gly val Leu Leu Thr Gin Arg Thr Leu Leu Sar Leu. Vai Lea Ai , 



60 
120 
180' 
240 
300 
3 60 
420 
480 

540 

60 0 

66 0. 

72 0 

780 

840 

soo 

960 
1020 
1080 
1140 
1152 



1 <= 



Leu Leu Phe Pro.- Sar Met: Ala Ser Met: Ala Met. His Val Ala Gin Pro 
2 0 2 5 3 0 



Ala Val Yal Leu Ala Ser Ser Arg Giy lie Ala Ser Phe Val Cys Glu 
• 35 40 45 



"yr Ala Ser Pro Gly Lys Thr Thr Glu Val Arg Val Thr Val Leu Arg 

.50' 55 60 



Gin. Ala Asp Ser Gin Val Thr Glu Val Cys Ala Ala Thr Tyr Met Met 
6S 70 .75 80 



Gly Asn Glu Leu Thr Phe Leu Asp Asp Ser lie Cys Thr Gly Thr Ser 
85 90 95 



Ser Gly Asn Gin Val Asn Leu Thr He Gin Gly Leu. Arg Ala Met Asp 
100 105 110 



Thr Gly Leu Tyr lie Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr. 
115 120 125 



Tyr Glu Gly He Gly Asn Gly Thr Gin lie Tyr Val He Asp Pro Glu 
130 135 140 



Pro Cys Pro Asp Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 
145 150 155 160 



Thr Ser Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
165 170 175 



Phe Leu Phe Pro Pro Lys Pro Lys Asp . Thr Leu Met He Ser Arg Thr 
180 185 190 



Pro Glu Val Thr Cys Val Val Val Asp Vai Ser Hie Glu Asp Pro Glu 
195 . 200 205 



Val Lys Phe Asn Trp Tyr vai Asp Gly Vai Glu Vai His Asn Ala Lys 
210 215. 22 0 



Thr Lys Pro Arc Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 ' 235 240 



Val Leu Thr Val Leu Hi 5 Gin Asc Trp Levi hsi\ Gly Lys GI.u Tyr Lys 
'245 ' ' " 250 ' 255 ' 



Cys Lys Val Ser Asa Lys Ala Leu Pro Ala Pro He Glu Lys Thr He 
' 250 2o5- 270 



Sar Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 280 . 235 



Pro Ser Arg Asp Glu Leu Thr Lys. Asn Gin Val Ser Leu Thr Cys Leu 
290 . 235 300 



Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn 
305 310 315 320 



Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pre Pro Val Leu Asp Ser 
325 330 335' 



Asp Gly Ser Fhe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
340 345 350 



Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 
355 360 365 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
370 375 380 



<210> 1? 
<211> 1152 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EA29WIg 
<400> 19 

atgggtgtac tgctcacaca gaggaegctg ctcagtctgg tccttgcact cctgtctcca 60 
ageatggega gcatggcaat gcacgtggcc cagcctgctg tggtactggc cagcagccga 120 
ggcategcta gctttgtgtg tgagtacgea tccccaggca aatggactga ggtccgggcg 130 
acagtgette ggcagcctga cagccaggcg accgaagtcc gtgeggcaac ctacatgatg 240 
gggaatgagt tgaccttcct agacgatccc atetgeaegg gcacctccag tggaaatcaa 300 



2t 



gtgaacct ca 


ctatccaagg 


actgacggcc 


aeggacaegg 


g a c c c t a c a t . 


ctgcaaggtg. 


360 


5 ag c c c a eg c 


acccaccgcc 


aizactacgag 


ggcacaggca 


acggaaccca 


gatt'catgta 


42 0 


attgatccag 


aaccgtgccc 


agat tctgat 


caggagccca 


aatcttctga 


caaaactcac 


■4SQ 


acacccccac 


cgtccccagc 


acctgaaccc 


ctggggggat 


egtcagtett 


cote ttcccc 


540 


ccaaaaccca 


aggacaccct 


catgacc t cc 


cggacccctg 


aggtcacatg 


cgcggcggtg 


600 


gacg tgagee 


acgaagaccc 


tgaggtcaag 


cccaaccggc 


aegeggaegg 


cgtggaggtg 


650 


cataacgcca 


acacaaagcc 


gegggaggag 


cagtacaaca 


gcacgtaccg 


tgt.ggt:cagc 


720 


gtcctcaccg 


tcctg.cacca 


ggactggccg 


aacggcaagg 


agtacaagtg 


caaggtctcc 


7S0 


aacaaagccc 


tcccagcccc 


catcgagaaa 


accatctcca 


aagecaaagg 


gcagccccga 


340 


gaaccacagg 


tgtacaccct 


gccccca.tcc 


egggatgage 


tgaccaagaa 


ccaggtcagc 


900 


ctgacct'gcc 


tggtcaaagg 


ctcctatccc 


agegacateg 


ccgtggagcg 


ggagagcaat 


960 


gggcagcegg 


agaacaacta 


caagaccaeg 


ccccccgtgc 


tggac tccga 


cggctccttc 


1020 


ttcctctaca 


gcaagctcac 


cgtggacaag 


agcaggtggc 


agcaggggaa 


cgtcttctca 


1030 


tgctccgtga 


tgeacgagge 


tc tgcacaac 


cactacacgc 


agaagagect 


ctccctgtct 


1140 


ccgggtaaat 


ga 










1152 



<210> . 20 
<211> 383 
<212> PRT 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: L104EA29WIg 
<40C> 20 

Met Gly Val Leu Leu Thr Gin Arg Thr Leu Leu Ser Leu Val Leu Ala 
s io 15 



Leu Leu Phe Pro Ser Met Ala Ser Met Ala Met His Val Ala Gin Pro 
20 25 30 

Ala- Val Val Leu Ma" Ser Ser Arg Gly He Ala Ser Phe Val Cys Glu 

35 40 45 



Tyr Ala Ser Pro Gly Lys Trp Thr Glu Val Arg Val Thr Val Leu Arg 
50 55 60 



Gin Ala Asp Ser Gin 'Val Thr 

r^S 7 0 



iiu Val Cys. A2 



Ala ihr. Tyr Mai: Met 

ao 



jly Asa. Glu Leu Thr ?he 



Asp Asp Ser lie 
9 0 



Cys Thr Gly Thr Se: 
95 



Ser Gly Asn Gin Val Asn. Leu Thr lie Gin Gly Leu Arg Ala Met Asp 
100 . 105 . 110 



:hr Gly Leu Tyr lie Cys Lys Val Glu Leu Met Tyr Pro Pro Pro Tyr 
115 120 125 



Tyr Glu Gly lie Gly Asn Gly Thr Gin lie Tyr Val He Asp Pro Glu 
130 135 140 



Pro Cys Pro Asp. Ser Asp Gin Glu Pro Lys Ser Ser Asp Lys Thr His 
145 150 155 160 



Thr Ser. Pro Pro Ser Pro Ala Pro Glu Leu Leu Gly Gly Ser Ser Val 
15.5 170 175 



Phe Leu Phe Fro Pro Lys Pro Lys Asp Thr Leu Met' He Ser Arg' Thr 
ISO 135 190 



Pro Glu Val Thr Cys Val Val Val Asp Val Ser Kis Glu Asp Pro Glu 
195 200 205. 



Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 
210 215 220 



Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
225 230 235 240 



Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
245 250 255 



Lys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr lie 
260 ■ 265 270 



Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro 
275 230 285 



Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys hew 



25 



IBS 



300 



Val ; Lvs Glv ?.he. Tyr Pro Ser Asp lie Ala Val Glu Trp Glu Ser Asn 
305 ~ 310. * ■ 315 320 



Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 
v ■ 325 330 ' 335 



Asp Gly Ser .Phe Phe . Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg 
■ 340 345 350 



Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 
355. ... 360 365 



His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Fro Gly Lys 
370 ' 375 330 



<210> 


21 


<211> 


65 


<212> 


DNA 


<213> 


Homo 


<400> 


21 


cncagt 


ctgg t 


cagcc 




<210> 


22 


<211> 


33 


<212> 


DNA 


<213> 


Homo 


<400> 


22 


tttgggctcc 1 


<210> 


23 


<211> 


72 


<212> 


DNA 


<213> 


Homo 


<400> 


23 


ctagccactg 


gtccc 




<210> 


24 


<211> 


33 


<212> 


DNA 



60 
65 



33 



60 



<213> Homo sapiens 



<400> 24 

gcaacgeacg tggcccagcc tgccgcgc 



<2IQ> 25 

<2I1>. : 45. 

<212> DNA 

<213> Homo sapiens 



<400> 23 

tgatgtaaca tgtctagacc 



lattaatagg aacaaaacaa ggccg 



45 



<21Q> 26 

<21i> 39 , . 

<212> DNA 

<213> -Artificial Sequence 

<220> ■ ' . ^- a~ * 

<223> Description of Artificial Sequence: Oncostatm H signal peptide £ 

orward primer 
<400> 26 

ctagccactg aagcttcacc atgggtgcac tgctcacac 



<210> 
<211> 
<212> 
<213> 


27 
39 
DNA 

Artificial Sequence 








<220> 
<223> 


Description of Arcificial 
everse primer 


Sequence : 


Once 5 tacin M 


signal peptide r 


<400> 27 

tggcatgggc tcctgatcag gcttagaagg 


tccgggaaa 




39 


<210> 
<211> 
<212> 
<213> 


23 

39. 

DNA 

Artificial Sequence 








<220> 
< 2 2 3 > 


DSSCriTDLlCTi Ci_ r-v. a. LXi-x^J-a-L 

everse printer 


Sequence - 


One os tat in 


•I signal peptide r 


<400> 


23 









tttgggctcc 



iccaa aatactcttg cttgqttgt 



<210> 
<21I> 
<212> 



29 
34 
DNA 



T , all raCgaramaJ 



tea cacatcccca 60 



<220> ■ . ' f Arcificiai sequ-*""* ! 

. <22 ^ .Desctipv-xon 

<i0 0> 29 V t a r:C aggagccc .aatccectg . aca«aac ^ 
aagcaagag-- ac-~ . . 
ccgcccccag cacctgaact cccg ■ 

<210> 30 

<2il> 41 

<212> D» A .. , cpmience 

„?13- Artificial -e^u 

' i reverse .prime 

■ rce . Human IgCgammal r^ers y 
<220> . , n ^ rr if icial Sequence. 

,, 23 > Description o. -Hrt- 

* 41 



<210> 31 

<2ii> 47 

; 2 2 i 2 3 > A«ificxal Sequence 

„ CD5 Ia forward primer 
<220> . . n Qf A . c ificiai Sequence. CD5I. 

<2 23> Description of A ' C ^ 

< 400> '"a wa-acctcc atgcccatgg gttctctggc caccttg 
cattgcacag 

<210> 32 

<2H> 39 . 
: f 2 ir> Sequence 

<»0> . . n G , , rtifici aX sequence-. CDSXg reverse pri.er 

<2 23> Description o. Art . 

<4 00> 32- . ttgg atcctg gcatgtgac 

atccacagcg cagtgatca. t^gg 



<210> ->-> 

<211> 18 
<212> D»A 

<2X3> Artificial bW-. 

' e- CBM8 forward primer 



Description of -tibial Seance 



28 



<40p> 33 

aataccactc accacagg .13 



<210> 34 

<21I> IS 

<212> DNA 

< 2 1 3 > Artificial Sequence 
<220> 

<223> Description, of Artificial Sequence: COM3 ; reverse primer 

<4C0> 34 

caccacactg tattaacc 13 



<2l0> 35 
<211> '6 
<212> PRT 



<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: .CTLA4/CD2 8. 
<400> 35, 

Met Tyr Pro Pro Pro Tyr 

1 . S 



<210> 36 

<211> 6 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 Ig mutant fusion protein 

<400> 36 

Ala Tyr Pro Pro Pro Tyr 
I S 



<210> 37 

<211> 6 

<212> PRT 

OUs B >-t- 7 f 1 * 2 1 C ^> i => i~ ~ »- 

* w — - — ~ - — - ~— — 

<220> 

<223> Descripcion of Artificial Sequence: CTLA41g mutant fusion protein 
< 4 C 0 > 3 7 

Met Ala Pro Pro Pro Tyr 
15 



29 



c21C> 


3 3 . 


<211> 


6 


<212> 


PRT 


<2I3> 


Artificial Sequence 


<220> 




<223> 


Description, of Artificial 


<40 0> 


38 


Mot" TV 
* — j 


r Ala Pre Pro Tyr 



Artificial Sequence:. CTLA4 Ig mutant fusion protein 



<210> , 39 
<211> 6 
<212> PRT. 

<213> Artificial Sequence 

<223> . Description of Artificial Sequence: CTLA4 Ig mutant fusion protein 
<400> 3? 

Met Tyr Pro Ala Pro Tyr 



<210> 40 
<21I> 6 
<212> FRT . 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: CTLA4/CD2 Big mutant fusion pr 
otein 

<400> 4C 

Met Tyr Pro Pro Ala Tyr 
i 5 



<210> 41 
<211> 6 
<212> PRT 

< 2 1 2 > Artificial Sequence 

<223> Description of Artificial Sequence: CTLA4/ CD28.Ig mutant fusion pr 
otein 

<400> ■ 41 

Met Tyr Pro Pro Pro Ala 
5 



30 



<710> ±J. ' 

c21i> o 

<212> ?RT " 

<2I3> Artificial Sequence 

<220> • ^ , r .: f ; ra i ,p que r C e: CTLA4 Ig mutant fusion protein 

<223> Description oi ArciiiCdi ^^4^"^ 

<4G0> 42 

Ala Ala Pro Pro Pro Tyr 



<2I0> 43 . 

<211> 68. 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> k is either c , g or t 
<220> 

<221> mis cofeature 

<222> (29). -(29) 

<223> n is either a; c, g oi t 



<220> 

<221> rr\isc_f eature 

<222> (30) . - (30) 

<223> k is either c, g or 



<220> 

<221> misc_feature 

<222> (31) . . (32) 

<223> n is either a, c, g or t 



<220> 

<2 21> misc_feature 

<222> (33) . . (33) 

<223> k is either c, g or t 



<220> 

<221> nuQC_Eeacure 

<222> (34).. (35) 

<223> a is either a, c, g or t. 



<220> 

<221> mis'c__f eature 
<222> (36). .(36) 



31 




k x s 



ei cher 



g or t 



<220> 



<221> raise 
<222> (37) 
<223> n is 



feature 



'. (38) 

either a, c 



g or t 




uU S C 

(39)' 
k is 



_f eaturs 
. . (39) 

either c, g or t 



<220> 

<221> misc_feature 

<222> (40) . - KI) 

<o 2 3> n is either a, c, g or t 



<220> 

<221> misc_f eature 

<222> (42) . . (42) 

<223> k is either c, g or t 



<220> 

<221> misc_f eacure 

<2 22> (43) . - (44) 

<223> n is either. a, c ( g or 



<220> 

<221> misc_f eature 

<222> (45) - . (45) 

<223> k is either c, g 



<220> 

<221> misc_feature 

<222> (46).. (47) 

<223> n is either a, c, g 



<220> 

<221> misc_feature 

<222> (48) . . (49) 

<223> k is either c. g or t 



<220> 

<2'21> rr.isc_teatu.re 
<222> (49) • ■ (50) 




is either a, 



c, g or t 



< 2 2 0 > 

< 2 2 1 > misc_f eacure ■ 
<222> ■ (SI) .".'(--.I) 
<223>. k I s eicner c 



63 



- — .v.-pnk- PT^npkn^kn nknnknnknn kgaggtccgg 
cgaggcatcg ctagc^cgt ^uyuga^niik »-^in^ — 



gtgacagt 



<210> 


44 


<211> 


59 


<212> 


DNA 


<213> 


Artificial Sequence. 


<22G> 




<223> 


Description of Artifi 


<400> 


44 



ggccgccgca cagactccgg tcacctggct gtcagcctgc cgaagcactg tcacccgga 59 



<210> 45 

<211> 8 

<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: CTLA4 mutant 



< 



400> 45 



Phe Glu Pro Lys Arg Giy Vai Gin 

1 -5 



<210> 46 

<211> 3 

<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: CTLA4 mutant 

<400> 46 

Trp Asp Gin Tvr Thr Gly Tyr Gly . 
1 . 5 



<210> 47 

<211> 3 

<212> PRT 

<213> Artificial Sequence 



33 






Description of Artificial Sequence: CTI.A4 mucant 



<4 0 0 > 



Trp Asp Al 



.la Tyr Arg 



g Asa Gin Gin 



<210> ■ 48 
<211> S 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 mutant. 
<400> 43 ' 

Tyr Asp His Pro Tyr Asp Gly Gin 
1 5 

<210> 49 
<211> ■ 8 
<212> PRT 

<213> Artificial Sequence 



<223> Descripcion of Artificial Sequence: CTLA4 mutanc 
<400> 49 . 

Trp Asp Gin His Val Ser Arg. Arg 



<210> 50 

<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CTLA4 

<400> 50 

Tyr Ala Ser Pro Gly Lys Ala Thr 
l" 5 



<220> 



5 



3 4 



Dkt. 3043 6.3 0USI2/SB A/HP 
IN TH E UNITED STATE S PATENT AND TRADEMARK OFFICE 
Applicants Peter S. Linsley, et al. 

Serial No. 09/609,915 Examiner: E. M Lazar- Wesley, Ph.D. 

Filed July 3, 2000 Group Art Unit: 1646 

For SOLUBLE CTLA4 MUTANT MOLECULES AND USES 

THEREOF 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

COMMUNICATION IN RESPONSE TO THE AUGUST 7, 2002 
COMMUNICATION FROM THE EXAMINER 

This Communication is submitted in response io a Communication, dated August 7, 2002 
from the Examiner issued in connection with the above-identified application. In 
accordance with the Notice, the deadline for submitting the response was September 7, 
2002. However, since September 7, 2002, fell on a Saturday, a response filed the next 
business day, namely September 9, 2002, is considered timely. Accordingly, this 
response is being timely filed. 



55 S. Lake Avenue, Suite 710 
Pasadena, California 91 101 
September 9, 2002 



Applicants: Pe;er S. L., .;y et a! 
U.S. Serial No. 09/609,915 
Filed: July 3, 2000 



Page 2 



In the Notice, the Patent Office states that the reply filed April 22, 2002 to the sequence 
letter mailed March 15, 2002 is not fully responsive to the prior Office Action for the 
following reasons: 

1 . The specification does not comply with 37 C.F.Pv. 1 .821 (d); and 

2, The declaration pursuant to 37 C.F.R/ 1.821(0 filed April 22, 2002, is 
deficient for failing to state that the paper and computer readable copy of 
sequence listings do not include new matter. 

As requested by the Examiner, Applicants provide herein a preliminary amendment that 
incorporates sequence identifiers (SEQ ID NOs) in the claims (Exhibit 1). 

With regards tc the declaration, Applicants wish to point out that 37 C.F.R. § 1.821(f) does 
not require th:;t the declaration include the language "the paper copy and CRF of 
sequence listing do not include new matter." It is permissible to include that statement in 
the communication as shown in Applicants' responses filed April 15 and May 9, 2002. 
However, in order to further the prosecution of the subject application, Applicants 
provide herein a declaration that includes a statement that the paper and computer 
readable copy of sequence listings do not include new matter (Exhibit 2). 
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;th the filinP of this Response. However, it 

Deposit Account No. 50-0306. 

Respectfully submitted, 

Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel . 
Registration No. 31,853 
Attorneys for Applicants 

Mandel & Adriano 

55 S. Lake Avenue, Suite 710 

Pasadena, California 91 101 

(626)395-7801 
Customer No. 26,941 
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Applicants : Peter S. Linsley, et al. 

Pvan^ner F M. Lazar- Wesley, Ph.D. 
Serial No. : . 09/609,913 Exan.n.r. b. i. 

July 3, 2000 . Group Art Unit: 1646 

SOLUBLE CTLA4 MUTANT MOLECULES AND USES 

. THEREOF 

55 S. Lake Avenue, Suite 710 
Pasadena, California 91 101 
September 9, 2002 

Assistant Commissioner for Patents 
Washington, D C. 20231 

SIR pptti .1MINARY AMENDMENT 

Please amend ths subject application as follows. 
In the Claims: 

Please cancel c.aim 10 without pr=jud,ce. Additional!,, please amend .he claims as 

follows: 

■_2 (Amended) The soluble CTLA4 mutant molecule of Cairn wherein * 
ex.racellu.ar domain of CTLA4 comprises one or more mu.atious in a reg.on S25- 
R33 of CTLA4 of Figure 3 (SEQ ID NO, 2, a, positions 5 1-59), and wherem .he 
mutation is a subs.itu.ion of any amino acid beginning with serine a, posmon + 25 
of Ffeut 3 (SEQ ID NO, 2, at position 51) and ending w,,h lysine at pos.uon 
+ 28 of figure 3 (SEQ ID NO,. 2, a. position 54) with a different ammo acd 
selected from alanine, arginine, asparagine, aspartic acd, cysteine, glu.am.ne, 



Applicants: Peter S. Lmsiey et al. 
U.S. Serial No. 09/609,915" 
Filed: July 3, 2000 
Page 2 

glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. - 

-3, (Amended) The soluble CTLA4 mutant molecule of claim I, wherein the 
extracellular domain of CTLA4 "comprises a mutation in a region S25-R33 of 
CTLA4 of Figure 3 (SEQ ID NO.: 2, at positions 51-59), and wherein the 
mutation is a substitution of alanine at position +29 of Figure 3 (SEQ ID NO.: 2, at 
position 55) with any of arginine, asparagine, aspartic acid, cysteine, glutaniine, 
glutamic: acid, glycine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, or valine. 

-4, (Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region S25- 
R33 of CTLA4 of Figure 3 (SEQ ID NO.: 2, at positions 5 1-59), and wherein the 
mutation is a substitution of any amino acid beginning with threonine at position 
+30 of Figure 3 (SEQ ID NO.: 2, at position 56) and ending with arginine at 
position. +33 of Figure 3 (SEQ ID NO.: 2, at position 59) with a different amino 
acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamic, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and 
valine. -- 

-5. (Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region E95- 
G107 of CTLA4 of Figure 3 (SEQ ID NO.: 2, at positions 121-133), and wherein 
the mutadon is a substitution of any amino acid beginning with glutamic acid at 
position +95 of Figure 3 (SEQ ID NO.: 2, at position 121) and ending with 
leucine at position +96 of Figure 3 (SEQ ID NO.: 2, at position 122) with a 
different amino acid selected from alanine, arginine, asparagine, aspartic acid, 
cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 



Applicants: Fecei o. et ai 



U.S. Serial No. 09/609,915 . 
Filed: July 3,2000 
Page 3 

, . . r . a .; nP threonine triptophan, tyrosine, and 

methionine, phenylalanine,, proline, senne, Jvvoruie, u,p. y 



— D, 



n 



-8. 



valine. 



(Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
^.rare lnlar domain of CTLA4 comprises one or more mutations in a region E95- 
G107 C-CTLA4 of Figure 3 (SEQ ID NO, 2, at positions 121-133), and wheren, 
the mu ation is a substitution of any amino acid beginning with methtonme at 
position + 97 of Figure 3 {SEQ ID NO;: 2, a. position 123) and ending wth 
tyrosine a. position +103 of Figure 3 (SEQ ID NO, 2, at position 129) with a 
differ, antino acid selected from alanine, arginine, asparagine, aspamc add, 
cysteine, glutaminc, glutamic acid, glycine, his.idine, isoleucine, leucine, lysme, 
methionine, phenylalanine, proline, senne, threonine, tryptophan, tyrostne, and 
valine. 

(Amended) The soluble CTLA4 mutant molecule of claim 6, wherein the 
mutation is a substitution of tyrosine a, position + 103 of Figure 3 (SEQ ID NO, 
2 at position 129) with a different amino acid selected from a group conststmg of 
; arginine, asparagine, aspartic acid, cysteine, glutaminc, glutanric acid, g.ycnc, 
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, senne, 
threonine, tryptophan, and valine. -- 

(Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extrace tular domain of CTLA4 comprises one or more mutations in a regton E95- 
G107 0.XTLA4 of Figure 3 (SEQ ID NO, 2, at positions .21-133), and wherem 
the mmation is a substitution of any amino acid beginning with leucne at pos.hon 
+104 or Fi-urc 3 (SEQ ID NO,. 2, at position 130) and ending with glyc.ne at 
position +107 of Figure 3 (SEQ ID NO, 2, at position 133) with a different am.no 
acid selected from alanine, arginine, asparagine, aspartic acd, cysteme, 
glutamute, glutamic acid, glycine, histidine, isoleucine, leucine, lysme. 
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. methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and 
valine. — '■ 

-9. (Amended) The soluble CTLA4 mutant molecule of claim L wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region 
N108-I1 15 of CT1..A4 of Figure 3 (SEQ ID NO.: 2, at positions 134-141), and 
wherein the mutation is a substitution of any amino acid beginning with. 
. asparaginc at position +108 of Figure 3 (SEQ ID NO.: 2, at position 134) and 
ending with isoleucine at position +1 15 of Figure 3 (SEQ ID NO, 2, at position 
141) with a different amino acid selected from a group consisting of alanine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, 
histidine, isoleucine, leucine, lysine/methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, and valine. -- 

-20 (Amended) The method of claim 19, wherein the soluble CTLA4 mutant 
molecule is any of L104EA29L (SEQ ID NO, 16), L104EA29T (SEQ ID NO, 
18), or L104EA29W (SEQ ID NO, 20). 



REMARKS 

Claims 1-25 were pending. Applicants have canceled claim 10 without prejudice. 
Additionally, Applicants have amended claims 2-9, and 20. Accordingly, claims 1-9, and 
1 1 -25 are presently pending. 

The amendments to claims 2-9, and 20 are made to provide SEQ ID NOs in the claims 
and correct typographical errors. Additionally, claim 9 is amended to incorporate the 
contents of clam 10, and claim 10 is canceled. The amendments to correct typographical 
errors and incorporate SEQ ID NOs in the claims do not introduce any new matter and 
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ted bv the disclosure as originally filed. Accordingly, entry of these 



are suppor 
amendments is respectfully requested. 



Additionally, claim 5 is amended to correct a typographical error by correcting the amino 
acid at position +96 from "lysine' to "leucine". The amendment to correct the 
typographical error in claim 5 dees not introduce new matter and is supported by the 
specification (Figure 3) as originally filed. Accordingly, entry of the amendment to claim 
is respectfully requested. 



c ; 
J 



The changes in the specification do not involve new matter and entry of them is 
respectfully requested. If a telephone interview would be of assistance in advancing the 
prosecution of the subject application, applicants' undersigned attorney invites the 
Examiner to telephone her at the number provided below. 

No additional fee is deemed necessary in connection with the filing of this Amendment. 
If any additional fees are necessary, the Patent Office is authorized to charge any 
additional fee to Deposit Account No. 50-0306. 



Respectfully submitted, 



QU* 

Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No. 31,853 
Attorneys for Applicants 
Mandel & Adriano 
55 S. Lake Avenue, Suite 710 
Pasadena, California 91 101 
Tel: (626) 395-7801 
Customer No. 26,941 
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Please amend the claims to read as follows: 
, tended) The soluble CTLA4 mutant moiecule of dim «. wherein .ha 
e«raceMar domain of CTLA4 [has] am* one or more ^ » • 
region S2S-R33 of CTLA4 oXBg-eiimUEiffi^atjos^^ 
wherein the mutahon is a subs.Uu.ron of any amino acid baunmrf [of] 
serine , d ^ i (SEOJI^O ; 2. A^U- 1> l^t^lM 

wUh [tough] ,ysin= a, « + 28 piBg.al^iai^^M 
with a different amino acid selected from alanine, arginine, asparagine, asparhc 
acid c.,tei„e, famine, glutamic acid, glycine, his.id.ne, isoleucine, leuctne, 

lysine, me.hion,ne, phenylalanine, proline, serine, threonine, tryptophan, tyrosme, 

and valine. - 

.3 (Amended) The soluble CTLA4 mutant molecule of Cairn 1, herein .he 
' extracellular domain of CTLA4 [has, so^fea l« or more] mU .at,o„[s .» 
region S25-R33 of CTLA4 S If«ii»^f^ 
.herein the mutation is a subs.i.u.ion of aianine at position + 29 
^^^^^ with any of arginine, asparagine, aspartic acd, cysteine, 
ghrtamfce, glutamic acid, glycine, histidine, isoleucne, leucine, lys.ne, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, or vahne. - 

..4 (Amended) The soluble CTLA4 mutan. moiecule of claim 1 . herein the 
' extracellular domain of CTLA4 [has] ssvm *» « ™« — 

region S25-R33 of CTLA4 .J^m^WmO^mm^^ 
wherein 0. mutation is a sub,i,u,ion of any amino acid fenM M 
threonine at « +30 oJ£m a^ma^mm^^ 
with [tough, ar g in,ne a, ^^^JJ^S^mXM^ 

*cc t .m5no acid selected from alanine, arginine, asparagine, 
59^ v/ith a different amino acia seitusu 
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asparac acid, cysteine, gluiamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine, and valine. -- 

-5. (Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 [has] comp rises one or more mutations in a 
region E95-G107 of CTLA4 of Figure 3 (SEP ID NO.: 2, at positions 121-133) , 
and wherein the mutation is a substitution of any amino acid beginning with [of] 
glutamic acid at position +95 of Figure 3 (SEP ID NO.: 2, at position 121) and 
ending with [through] leucine at position +96 of Figure 3 (SEP ID NO.: 2, at 
position 122) with a different amino acid selected from alanine, arginine, 
asparagme, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valirie. — 

-6. (Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 [has] comprises one or more mutations in a 
region E95-G107 of CTLA4 of Figure 3 (SEP ID NO.: 2. at positio ns 121-133), 
and wherein the mutation is a substitution of any amino acid beginning with [of] 
methionine at position +97 of Figure 3 (SEP ID NO .: 2. at position 123) and 
ending with [through] tyrosine at position +103 of Figure 3 (SEP IP NO.: 2, at 
position 129) with a different amino acid selected from alanine, arginine, 
asparagme, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valine. — 



-7. 



(Amended) The soluble CTLA4 mutant molecule of claim [5] 6, wherein the 
mutation is a substitution of tyrosine at position +103 of Figure 3 (SEQ ID NO.: 
2, at posi t ion 129) with a different amino acid selected from a group consisting of 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, 
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histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, [tyrosine,] and valine. -- 

-8. (Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 [has] comprises one or more mutations in a 
region E95-G107 of CTLA4 of Figure 3 (SEP ID NO.: 2. at positions 121 -im 
and wherein the mutation is a substitution of any amino acid beginning with [of] 
leucine at position +104 of Figure 3 (SEQ ID NO.: 2. at position 130) and ending 
with [through] glycine at position +107 of Figure 3 fSEO ID NO.: 2, at position 
133} wi;h a different amino acid selected from alanine, arginine, asparagine, 
aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine, and valine. -- 

--9. (Amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 [has] comprises one or more mutations in a 
re 8'on N108-I1 15 of CTLA4 of Figure 3 (SEP ID NO.: 2. at p o sitions 134-14R 
and wherein the mutation is a substitution of any amino acid beginning with 
asparagine at position +108 of Figure 3 fSEO ID NO.: 2. at position 134) and 
ending with [at] isoleucine at position +115 [(N 108-11 1 5)] of Figure 3 (SEP ID 
NO.: 2. at position 141) with a different amino acid selected from a group 
co nsisting of alanine, arginine. asparagine. aspartic acid, cysteine, glutamine, 
glutamic acid, glycine, hi stidine. isoleucine. leucine, lysine, methionine. 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine . - 



--20. (Amended) The method of claim 19, wherein the soluble CTLA4 mutant 
molecule is any of L104EA29L (SEP ID NO.: 16) . L104EA29T (SEP ID NO.: 
18), or L104EA29W (SEP ID NO.: 20V 
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Peter S. Linsley et al. 
09/609,915 
July 3, 2000 

SOLUBLE CTLA4 MUTANT MOLECULES AND USES 
THEREOF 

55 S. Lake Avenue, Suite 710 
Pasadena, California 91101 
September 6, 2002 

Assistant Commissioner for Patents 
Box Sequence 
Washington, D:C. 20231 

SIR: 

DECLARATION PURSUANT TO 37 CF.R. §1.821(f) 

I hereby declare that the content of the paper and computer readable copies of the 
Sequence Listing initially submitted on April 12, 2002 and the substitute Sequence 
Listing submitted on May 9, 2002 for the subject patent application in accordance with 37 
CF.R. §1.82 1(c) and (e), respectively, are the same. 1 further hereby state that the paper 
copy and computer readable copies of the Sequence Listings submitted on April 12, 2002 
and May 9, 2002 contain no new matter pursuant to 37 CF.R. 1.821(e), 1.821(0, 
1.821(g), 1.825(b), or 1.825(d), and are supported by the specification as originally filed. 

Respectfully submitted, 
Renato Marco P. Domingo 



Applicants 
Serial No 
Filed 
For 



Dkt. 30436.30USI2 SBA/RDG 
IN THE UNITE D STATES PATENT AN^TRADF.MARK .OFFICE 

Applicants : Peter S. Linsley, et al. 

Serial No. : 09/609,915 Examiner: E. M. Lazar-Wesley, Ph.D. 

Hied : July 3,2000 Group Art Unit: 1646 - 

FoT : SOLUBLE CTLA4 MUTANT MOLECULES AND USES 

THEREOF 

55 South Lake Ave., Suite 710 
Pasadena, California 9 11 0 1 
November 4, 2002 

Assistant Commissioner for Patents 
Washington, .D.C. 20231 

Madam/Sir: 

AMENDMENT IN RESPONSE 
TO THF. OCTOBER 2, OFFICE ACTION 

This Amendment is submitted in response to the Office Action dated October 2, 2002, 
issued by the U.S. Patent and Trademark office in connection with the above-identified 
patent application. A response to the Office Action was due November 2, 2002. 
However, since November 2. fell on a Saturday, a response filed the next business day, 
namely Monday, November 4, 2002, will be considered timely. Accordingly/this 
Amendment is being timely filed. 



Hcants: Peter S. lftey ; et a!. 

LLS- Serial No. 09/609,915 . 
Filed: July. 3, 2000 



Pase: z 



PRSTRICTION R£QUIB£MEI1I 

restriction under 35 U.S.C. §121 to 



In the Office Action, the Patent Office is requiring 
one of the following Groups of inventions: 



<Jroup I: 



Group II: 



Group III: Claims 
diseases. 



■ rt ' j- * cnhihlp CTLA4- mutant molecules. 
Claims 1-9 and 1 1-18 are directed to ^ b ^^ id mo|ecules en codmg 
soluble GTLA4 mutant fus.on molec n uc^ £ ™ ucine the 
the soluble CTLA4 mutant molecules, and methods tor proau . 
soluble CTLA4 mutant molecules; 

Claims 19-22 are directed to methods for regulating a T cell interaction 
with a CD80 and/or CD86 positive cell; and 

aims W «* directed to methods for treating immunoproHferanve 



TRAVERSAL 

^deration of the Reaction ****** * ** «» « " 

App.icants point out that under MPEP §803, .here are two criteria for a proper 
1^ *» action. n»*=(.) — must be independen a„dd,,,nu, 
" there must be senous burden on the Examiner for region ,0 be reared. 

tt a TIT deoend directly or indirectly, upon the claim, ol Croup 
the claims of Groups II and 111 depend, directly interact ion recited 

i u u tti a mutant molecukb uioup i. ^yy^ 
B retire administrate of the soluble CTLA ™ » ^ ^ 

a ,so contend that the methods for treafng .mmunoprohteratHe 
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III are not independent of the molecules of Group I since the' methods of Group III 
require administration of the soluble CTLA mutant molecules of Group I. 

Therefore, the invention in Groups I, and II and III, are not independent and disiinci.. 
Accordingly, the criteria for requiring the restriction has not been met, 

Applicants respectfully contend that the second requirement of §803 has also, not been 
met. The Patent Office has not demonstrated a serious burden for searching the art cf 
Groups MIL Each of the claims of Groups I and II are classified in the same class. 
Therefore, the art with respect to the claims in Groups I and II overlap. The Examiner 
can perform a search on the entire application without serious burden. Thus, search of 
the art with regard to the invention of Groups I and II would not place an undue burden 
on the Examiner. Moreover, separate prosecution of these claims would be unnecessarily 
duplicative and thus wasteful of Patent Office resources. Therefore, under MPEP Section 
803, the instant claims do not require restriction. 



Applicants submit that claims of Groups I, II and III should properly be examined 
together for the reasons discussed above. Applicants respectfully request that the 
Examiner reconsider and withdraw the Restriction Requirement as these claims. 



Conclusion 



If a telephone interview would be of assistance in advancing prosecution of the subject 
application, applicants' undersigned attorney invites the Examiner to telephone her at the 

number provided below. 
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No fee is deemed necessary in connection with the filing of this Amendment. If any tee 
is necessary, the Patent Office is authorized to charge any additional fee to Deposit 
Account No. 50-0306. 



Respectfully submitted, 

Sarah B. Adriano 
Registration No. 34,470 

Roberta D. German 

Registration No. 43,902 

Patent Practitioners for Applicants 

Mandel & Adriano 

55 South Lake Ave., Suite 710 

Pasadena, California 91101 

(626) 395-7801 

Customer No: 26,941 
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Applicants : Peter S. Linsley, et al. 

SerialNo, : 09/609,915 Examiner: Lorraine Specter, Ph.D. 

Filed : July 3, 2000 Group Art Unit: 1647 

For . SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 

55 South Lake Ave., Suite 710 
Pasadena, California 91 101 
June 2, 2004 

Commissioner for Patents 
P.O Box 1450 

Alexandria, Virginia 22313-1450 
Madam/Sir: 

AMENDMENT IN ^^^^E^^T^^^^^-£i^sioi?OT'T^^'^^ 
AND PETITION FOR TW O -M"NTH EXTKrN »> ur ii — 

This Amendment is submitted in response ,o ,he Office Action dated March 2, 2004, issued by 

lhe „ S Paten, and Trademark Office in connection with the above-identified patent 

A one-month period for repiy was set, making Apri. 2, 2004, the deadhne for filing a response o 

,he Office Actio, A two-month extension of time for responding to the 

requK ,ed. The reared fee for this two-month extension of t,me is FOUK HUNDW* 

TWENTY DOLLARS, $420.00 for .arge entity. App.icants hereby enclose a check tncludmg 

lhe amount of S420.00 to cover the filing fee. A response to the Office Action with a two-month 

extension of time is now due June 2, 2004. According*, this Amendment is being fmely fi.ed. 
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Please amend the subject application as follows: 
Ircjtb e claims: 

In compliance with the practice guidelines for making amendments, Applicants present all 
pending claims with status indicators and submit new claims 26-28. Please cancel claims 3-4 and 
6-8 without prejudice to pursue the subject matter of these claims in another application to be 
filed in the future. 

Please amend claims 2, 5, 9, 12 and 17 as follows: 

1 . (Originally-filed) A soluble CTLA4 mutant molecule having the extracellular domain of 
CTLA4 which binds CD80 or CD86. 

2. (Currently amended) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises One or more mutations in a region S25-R33 of 
CTLA4 of Figure 3 (SEQ ID Na:2, at positions 51-59), and wherein the mutation is a 
substitution of any amino acid beginning with serine at position +25 of Figure 3 (SEQ © 
NOt:2, at position 51) and ending with lysine-arginine at position +3«-±33_of Figure 3 
(SEQ ID NCv.2, at position 54-59) with a different amino acid selected from alanine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valine. 

3. (cancelled) 



4. 



(cancelled) 
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. TT M war. module of aa,m !, -herem the 

5 (C^nily amended) The soluble . 0*4 ■» - ^ ^ , ^ E95 . G1 „7 

' ^acellu.ar don*» of CTLA4 ccnpnses on. i.» ^ wherein the is 

of CTLA4 of Figure 3 (SEQ ID NOA at ^ S '|"* ^ at position +95 of Figure 3 

. —ion of any amino acid beg« ^ »> ^ ^+J0Lof 

^'^-^ ^rTd^-acidse.ected.on, 
Fig ure 3 (SEQ LB NtVA at pos.«- ^ glutamine , gl u,am,c acid, g.ycne, 

alan i„e, asinine, asparag.ne, asp* c ^ y ^ ^ ^ 

histidine, isoleucine, leuc.ne, tpnft m 
toeonine, tryptophan, tyrosine, and vahne. 

6; (cancelled) 
7 (cancelled) 
g (cancelled) 

. , ^,..4 mutant molecule of claim 1, wherein the 
9 (Currently amended) The soluole CTW ^ ^ 

extra cel.u.ar domain of CT^4 composes o ^ ^ whcre i„ the mutation is 

of CTLA4ofFigure3 (SEQ TD NO:2, 31 at position +108 of Figure 3 

a substitution of any amino acid hegtnn.nS w,^ ^mon +U5 of Figure 3 

(SEQ ID NOA at pos.Uon 14.) «.<» ^ glotOT ,c 

consisting of alanine, arginine, asparagtne P phenyla ,anine, proline, 

a cid, glycine, histidme, isoleucine, .euct e ^me, 

serine, threonine, tryptophan, ty-ine, and vahne. 



10. (cancelled) 
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1L (Originally-Hied) The soluble CTLA4 mutant molecule of claim - 1 further comprising an 
amino acid sequence which alters the solubility, affinity or valency of the soluble CTLA4 
mutant molecule for binding to CD80 or CD86. 

12. (Currently amended) The soluble CTLA4 mutant molecule of claim 44-H, wherein the 
amino acid sequence comprises a human immunoglobulin constant region. 

13. (Originally-filed) A nucleic acid molecule comprising a nucleotide, sequence encoding the 
amino acid sequence corresponding to the soluble CTLA4 mutant molecule of claim 1. 

14. (Originally-filed) A vector comprising the nucleotide sequence of claim 13 . 

15. (Originally-filed) A host vector system comprising the vector of claim 14 in a suitable host 
cell. 

16. (Originally-filed) The host vector system of claim 15, wherein the suitable host cell is a 
prokaryotic cell or a eukaryotic cell. 

17. (Currently amended) A method for producing a soluble CTLA4 mutant protein comprising 
growing the host vector system of claim 16 so as to produce the protein in the host cell and 
recovering the protein so produced. 



18. 



19. 



(Originally-filed) A soluble CTLA mutant protein produced by the method of claim 17. 

(Withdrawn) A method for regulating a T cell interaction with a CD80 and/or CD86 
positive cell comprising contacting the CD80 and/or CD86 positive cell with the soluble 
CTLA4 mutant molecule of claim 1 so as to regulate the T cell interaction. 



J 



Applicants:- Peter S.LiBsiey,, f 

US Serial No. 09/609,915 ^ 
Filed: July 3, 2000 
Page: 5 

P , . JP , b - soluble CTLA4 mutant molecule is 
20. (Wi~) The method of claim ^ NQ , l8) , or L104EA29W 

(SEQ1DNO.:20). 

■ w rn«0 and/or CD86 positive cell is an 

antigen presenting cell. 

mliferative diseases mediated by T cell 
23 . (Withdrawn) A method * «* — — . a su.ec, the so* 

— w,,h t p :::i: — — - 

CTLA4 mutant molecule ot claim i, 
with said B7 positive cells. 

• ^ T rell interactions are inhibited. 
M . (Withdrawn) The method of claim 23, wherem sa,d T cell ,n, 

, , • » wherein the immunoproliferative disease » graft 
25 . (Withdrawn) The method of clarm 23. where,n 

versus host disease. 
Ple ase add new claims 26-28 as follows: 

, ,, „f claim 1 wherein the extracellular domain 

of COM compnses amino acd resworn P ^ ^ ^ ,„ 

Figure 3 (SEQ ^O.l^ 

^ino acid residues from about posmon Ho *o P 

oorrespondingtouneextraceUulardomamofCD^. 



28. 
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. u .f-kirn i wherein in the extracellular 
nr -\ en'uble CTLA4 mutant molecule oi aaim i, 

Li of CTLA4, the second pro,,™ in -he amino l$EQ * 

NO:35) is replaced with alanine. 

(New) The so,* CTLA4 ..an, n-oiecnie of Cain, , , wherein *. e— ,ar domain 
of CTLA4 comprises: -wcfoiDNO- 

2 a, positions 5,-59), and wherein the mutation is a substitute o any *r„ no 
a ; i d b e g in n in g wi,hse ri nea 1 posi t ,o n+ 25ofFi g ure3(SEQIDN^,^ 1 o 

51) and ending with ar g inine at pos.tion + 33 of Figure 3 (SEQ ID 2 ; « 
po Lion 59, wiih a Afferent am.no acid se.ected from aianine, ar g ,n,„e, 

JteuL, .euctne, iysine, methionine, phe„y,a,a„ine, proiine, senne, 
lryP ,opha„, tyrosine, and va,ine ; and ^ 
b one or more mutations in a region E95-G107 of C i LA s 

NO, 2. a, positions .2,-133), and wherein the mutation is a subs.,,u on tf «, 
^o acid beginmng w.th gmtamic acid a, position * of Ftgure 3 0* » 
N0 - 2, a. position ,2,) and ending with g»cine a, p«tt» + ,07 of F.gu. 
(SEQ U> NO, 2, a, position ,33) with a Afferent amino acid seated from 
lianine, arginine, aspara.ne. aspanic acid, cysteine, famine «* 
gl ycine, histidine, iso,eucine, ,euci„e, .ysine, methionine, phe n y,a,an,ne, prohne, 
serine, threonine, tryptophan, tyrosine, and valine. 
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REMARKS 



a- „' ri a ;ms 1 9 and 1 1-13 were elected with traverse. Claims 3, 
Claims 1-9 and 1 i-2o were pending. Claims 1 -9 and 

■ >t <• B ^ts have ^een added. Accordingly, claims l--,?,-', 

4 6-8 are cancelled herein. New ciaims ^8 ha, e ^en au 

1M8 and 26-28 are being examined. Entry of these claims is requested. 

for amended claim 5 may be found in the originally filed claim 5 and Figure 3. 

The amendment to claim 9 merely corrects a typographical error by amending "SEQ ID NOT 
t0 "SEQ ED NO-2" No new matter is added. The amendment to claim 12 merely corrects the 
dependency of the claim. No new matter is added The amendment to claim 17 merely corrects a 
typographical error by amending "CTLA" to "CTLA4". No new matter is added. 

Support for new claim 26 may be found in the specifications of: 

U S Serial No. 07/723,617, filed June 27, 1991 in originally filed Figure 3, SEQ ID 
NO-13 and SEQ ID NO:14; and at page 13, lines 3-6 and at page 15. hnes 15-18. 
U S Serial No. 08/228,208, filed April 15, 1994, in originally filed Figure 3, SEQ ID 
NCH3 and SEQ ID NO:14; and at page 20, lines 10-13 and at page 22, hnes 20-22- 
U S Serial No. 09/609,91 5, filed June 3, 2000 (subject application), in originally filed 
Figure 3, SEQ ID NO:2, and at page 58, lines 17-21, and at page 71, Table A. 



1. 
2. 
3. 



Support for new claim 27 is found in the specifications of: 



1. 
2. 



U.S. Serial No. 08/228,208, filed April 15, 1994, in originally filed Figure 3 and 
Table II at page 77; and at page 62, lines 1 -4. 

U S Serial No. 09/609,915, filed June 3, 2000 (subject application), in ong.nally filed 
Table B at page 73, Figure 3 and SEQ ID NO:35; and at page 57, lines 1 6-18. 
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Support for new claim 28 is found in the specifications of: 

1. U.S. Serial No. 08/228,208, filed April 15, 1994, at page 63, lines 16-35; page 64, 
lines 1-8; and at page 62, lines 1 -4; Table I at page 76. 

2. U.S. Serial No. 09/609,915, filed June 3, 2000 (subject application), at page 14, lines 
12-22; page 69; Table A at page 71 . 

The sequences in Figures 3 of both U.S. Serial No. 07/723,617 and U.S. Serial No. 08/228,208 
are identical to the sequence in Figure 3 in the subject application. Only the numbenng .s 
different: For example, in Figure 3 of the subject application, methionine is located at postt.on 
-H; whereas in Figure 3 of U.S. Serial No. 07/723,617 and U.S. Serial No. OS/228,208, atonine ,s 

located at position +1 . - 

Accordingly, the amendments to claims 2, 5, 9, 12 and 17 and the addition of new claims 26-28, 
do not introduce new matter, and their entry is respectfully requested. 

RESTRICTION REQUIREMENT 

The Patent Office is requiring a species election to one of the patentably distinct species of the 
chosen group for prosecution on the merits to which the claims shall be restricted if no genenc 
claim is finally held to be allowable. Currently, claims 1 and 11-18 are generic. 

FLECTION WITH TRAVERSE 

Applicants hereby elect, with traverse, the species of claim 26. Applicants reserve the right to 
present additional species upon indication of an allowable generic claim. 

Support for claim 26 is found in U.S. Serial No. 07/723,617 ('617 application), filed June 27. 
1991 and thus claims priority to the '617 application. 
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SOLUBLE CTLA4 MUTANT MOLECULES AND USES 
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Filed 
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THEREOF 



55 South Lake Ave., Suite 7 10 
Pasadena, California 91 101 
August 2, 2004 



MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Madam/Sir: 



^^^^^^^^^ 

Th,s Amendment is submttted «o supplement Apples' Amendment rttad June 2, 2004. 
The June 2, 2004 Amendment was time!, ffled. Accord,ng.y, no fees a. due ,n connect™ 
with this Supplemental Amendment. 

Please amend the subject application as follows: 



In the claims: 

,„ compUance with the practice guides for making amendments, Apphcants present 
aU pending dims with status indicators and submit new clatms 29-30. 

,. (Withdrawn) A so.uMe CTLA4 mutant moiecuk having the extract, ar domain 
of CTLA4 which binds CD80 or CD86. 
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2. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region S25- 
R33 of CTLA4 of Figure 3 (SEQ ID NO:2 T at positions 51-59), and wherein the 
mutation is a substitution of any amino acid beginning with serine at position +25 
of Figure 3 (SEQ ID NO:2 5 at position 51) and ending with arginine at position 
+33 of Figure 3 (SEQ ID NO:2, at position 59) with a different amino acid 
selected from alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, 
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. 

3. (cancelled) 

4. (cancelled) 

5. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region E95- 
G107 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 121-133), and wherein 
the mutation is a substitution of any amino acid beginning with glutamic acid at 
position +95 of Figure 3 (SEQ ED NO:2, at position 121) and ending with glycine 
at position +107 of Figure 3 (SEQ ID NO:2, at position 133) with a different 
amino acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and 
valine. 

6. (cancelled) 



7. (cancelled) 
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g. (cancelled) 

, i i if* PTLA4 mutant molecule of claim 1, wherein the 
9 (Withdrawn) The soluble CTLA4 muian 

' A • ftf TTLA4 comprises one or more mutation, m a region 

extracellular domain of CTLA4 comp 

i /qpd TD NO-2, at positions 134-141), anu 
NT 08-111 5 of CTLA4 ot Figure 3 (SEQ W nv.t, y 
w e th e — ,s a substitution of any amino acid « - 

v +108 of Figure 3 (SEQ ID NO:2. at position 134) and 
flsnaraeine at position +108 ot riguic - v 

asparagme v _ _ ^ at posltlQn 

ending with isoleucme at position +115 of Mgur V 

J ff ♦ ,mmn acid selected from a group consisting of alanine, 
1 4.1^ with a different ammo acia s»eic^^ 

Z-~*- -** giutamine - s : u,amic :l ^ 

- hi Lne, isoleucine, ,euc,„e, .ysine, .Chicle, pheuylaiamne, ^ senne, 
threonine, tryptophan, tyrosine, and valme. 

10. (cancelled) 

Lino acid sequence which ahers the sotubility, affmity or vaiency of the so«e 
CTLA4 mutant molecule for binding to CD80 or CD86. 

n (Wtthdrawn) The so.ub.e CTLA4 mutant molecuie of Cain, H , wherein the amino 
acidsequeneecomprisesahumanimmunoglobulincon.tantregton. 



13. 



(Withdrawn) A nueieie acid molecule composing a nueieotide sequence ending 
, h e amino acid sequence corresponding to the solub.e CTLA4 mutant molecule of 

claim 1 . 

,4. (Withdrawn) A vector comprising the nueieotide sequence of claim i 3. 
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15. ( Withdrawn) A host vector system comprising the vector of claim 14 in a suitable 
host cell. 

16. (Withdrawn) The host vector system of claim 15, wherein the suitable host cell is a 
prokaryotic cell or a eukaryotic cell, 

17. (Withdrawn) A method for producing a soluble CTLA4 mutant protein comprising 
growing the host vector system of claim 16 so as to produce the protein in the host 
cell and recovering the protein so produced. 

1 8. (Withdrawn) A soluble CTLA mutant protein produced by the method of claim 1 7. 

19. (Withdrawn) A method for regulating a T cell interaction with a CD80 and/or 
CD86 positive cell comprising contacting the CD80 and/or CD86 positive cell 
with the soluble CTLA4 mutant molecule of claim 1 so as to regulate the T cell 
interaction. 



20. (Withdrawn) The method of claim 19, wherein the soluble CTLA4 mutant 
molecule is any of L104EA29L (SEQ ID NO.: 16), L104EA29T (SEQ ID NO.: 
18), or L104EA29W (SEQ ID NO.: 20). 

21. (Withdrawn) The method of claim 19, wherein the CD80 and/or CD86 positive 
cell is an antigen presenting cell. 

22. (Withdrawn) The method of claim 19, wherein the interaction of the CTLA4- 
positive T cells with the CD80 and CD86 positive cells is inhibited. 

23. (Withdrawn) A method for treating immunoproliferative diseases mediated by T 
cell interactions with B7 positive cells comprising administering to a subject the 
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26. 



28. 



late T 



soluble CTLA4 mutant molecule of claim 1, in an amount effective to regu 
cell interactions with said B7 positive cells. 

, r » • ->i said T cell interactions are 

24. (Withdrawn) The method of claim 23, whereu 

inhibited. 

25. (Withdrawn) The method of data 23, wherein the immunoproHferative disease is 

graft versus host disease. 

(Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
ex.racd.ular domain of CTLA4 comprises amino acid residues from about pos.tton 
93 to about position 124 of Figure 3 (SEQ TO NO:2 beginning a. posthon 119 and 
ending a. position 150) jotned to amino acid residues from about position 1 to about 
position 94 of the amino acid sequence corresponding to the extracellular domam of 
GD28. 

27 (Withdrawn) The soluble CTLA4 mutant molecule of claim !. wherein in the 
extracellular domain of CTLA4, the second proline in .he amino ac.d mo.,f 
MYPPPY (SEQ ID NO:35) is replaced with alanine. 



(Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises: 

a one or more mutations in a region S25-R33 of CTIA4 of Figure 3 (SEQ 
ID NO • 2, at positions 5 1-59), and wherein the mutation is a subst.tut.on 
of any amino acid beginning with serine a. position + 25 of Figure 3 (SEQ 
ID NO-: 2, at position 51) and ending with arginine at posiuon + 33 of 
Figure 3 (SEQ ID NO, 2, a. position 59) with a different amino acd 
sdeced from alanine, arginine, asparagine, aspartic acid, cys.eme, 
glufamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysme, 
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methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, 
and valine; and 

b. one or more mutations in a region E95-G107 of CTLA4 of Figure 3 (SEQ 
W NO.: 2, at positions 121-133), and wherein the mutation is a 
substitution of any amino acid beginning with glutamic acid at position 
+95 of Figure 3 (SEQ ID NO.: 2, at position 121) and ending with glycine 
at position +107 of Figure 3 (SEQ ID NO.: 2, at position 133) with a 
different amino acid selected from alanine, arginine, asparagine, aspartic 
acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, arid valine. 

Please add new claims 29-30 as follows: 

--29. (New) A CTLA4Ig fusion protein reactive with B7 antigen and encoded by DNA 
deposited as ATCC 68629.-- 



--30. 



(New) A CTLA4Ig fusion protein having the amino acid sequence of a CTLA4Ig 
fusion protein expressed by the cell deposited as ATCC 1 0762, wherein said 
CTLA41g fusion protein is reactive with B7 antigen. 



Applicants: Peter S. tHRey.. ei al 
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■ REMARKS 

Claims 1-2, 5, 9, 11-18 and 26-28 were pending and subject to restriction. New claims 
29-30 have been added. Accordingly, claims 1-2, 5, 9, 1 1-1.8 and 26-30 are pending but 
only claims 29-30 are being examined. 

Support for new claim 29 may be found in the specifications of: 

1. U.S. Serial No. 07/723,617, filed June 27, 1991, at page 8, lines 10-15; page 
11, lines 31-35. 

2. U.S. Serial No. 08/008,898, filed January 22, 1993 (now U.S. Patent No. 
5,770,197), at page 7, lines 20-22; page 17, lines 1-5. 

3. U.S. Serial No. 08/228,208, filed April 15, 1994 (now U.S. Patent No. 
6,090,914), at page 8, lines 1-5; page 10, lines 1-3 and page 19, lines 1-5. 

4. U.S. Serial No. 09/609,915, filed June 3, 2000 (subject application), at page 3, 
line 3; page 11, lines 1-4; page 34, lines 9-11. 

Support for new claim 30 is found in the specifications of: 

1. U.S. Serial No. 07/723,617, filed June 27, 1991, at page 8, lines 10-15; page 
18, lines 22-26. 

2. U.S. Serial No. 08/008,898, filed January 22, 1993 (now U.S. Patent No. 
5,770,197), at page 7, lines 20-22; page 23, lines 25-29. 

3. U.S. Serial No. 08/228,208, filed April 15, 1994 (now U.S. Patent No. 
6,090,914), at page 8, lines 1-5; page 10, lines 1-3; page 25, lines 25-29. 

4. U.S. Serial No. 09/609,9 1 5, filed June 3, 2000 (subject application), at page 3, 
line 3; page 1 1, lines 4-6; page 34, lines 18-19. 



Accordingly, new claims 29-30 do not introduce new matter, and their entry is 
respectfully requested. 



% % 
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RESTRICTION REQUIREMENT AND ELECTION WITH TRAVERSE 

On November 4, 2002, Applicants elected, with traverse, the invention of Group I in 
response to a restriction requirement dated October 2, 2002. On June 2, 2004, Applicants 
elected the species of claim 26 in response to a Species Election Requirement dated 
March 2, 2004. 

Applicants hereby add new claims 29-30 which belong to newly created Group IV. 

Applicants hereby change their previous election, of the invention of Group I, in response 
to the restriction requirement, and instead, now elect, with traverse, the invention of 
Group IV, as embodied in new claims 29-30 hereinabove. Accordingly, claims 1-2, 5, 9, 
1 1 - 1 8 and 26-28 are withdrawn and only claims 29-30 are being examined. 

CONCLUSION 



If a telephone interview would be of assistance in advancing the prosecution of the 
subject application, Applicants' undersigned attorney invites the Examiner to telephone 
her at the number provided below. 



Applicants: Peter S.LihWy,et. at 
U.S. Serial No. 09/609,915 
Filed- July 3, 2000 
Page: 9 

No fee is deemed necessary in connection with the filing of this response. If any further 
fee is necessary, the Patent Office is authorized to charge any additional fee to Deposit 
Account No. 50-0306. 

Respectfully submitted, 

Jpd~ 6 /V 1 — 

Sarah B. Adriano 
Registration No. 34,470 
SaraLynn Mandel 
Registration No. 3 1 ,853 
Mandel & Adriano 
55 South Lake Ave., Suite 710 
Pasadena, California 91 1 01 

(626) 395-7801 
Customer No: 26,941 
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Applicants ; Peter S. Linsley, et al. 

Serial No. : 09/609,915 Examiner: Lorraine Spector, Ph.D. 

Filed : July 3, 2000 Group Art Unit: 1647 

For : SOLUBLE CTLA4 MUTANT MOLECULES AND USES 

THEREOF 

55 South Lake Ave., Suite 710 
Pasadena, California 91 101 
August 23, 2004 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Madam/Sir: 

AMENDMENT IN RESPONSE TO 
NOTICE OF NON-COMPLIANT AMENDMENT UNDER 37 C.F.R. S1.121 

This Amendment is being submitted in response to the Notice of Non-Compliant 
Amendment, dated August 9, 2004, issued by the U.S. Patent and Trademark Office in 
connection with the above-identified patent application. A response to the Notice is due 
September 9, 2004. Accordingly, this Amendment is being timely filed. 
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Please amend the subject application as follows: 
l a the c laims: 

In compliance with the practice guidelines for making amendments, Applicants present 
all pending claims with status indicators and submit new claims 29-30, 

1. (Withdrawn) A soluble CTLA4 mutant molecule having the extracellular domain 
of CTLA4 which binds CD80 or CD86: 

2. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region S25- 
R33 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 51-59), and wherein the 
mutation is a substitution of any amino acid beginning with serine at position +25 
of Figure 3 (SEQ ID NO:2, at position 51) and ending with arginine at position 
+33 of Figure 3 (SEQ ID NO:2, at position 59) with a different amino acid 
selected from alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, 
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. 

3. (cancelled) 

4. (cancelled) 

5. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region E95- 
G107 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 121-133), and wherein 
the mutation is a substitution of any amino acid beginning with glutamic acid at 
position +95 of Figure 3 (SEQ ID NO:2, at position 121) and ending with glycine 
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at position +107 of Figure 3 (SEQ ID NG:2, at position 133) with a different 
amino acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamine,. glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and 
valine. 

6. (cancelled) 

7. (cancelled) 

8. (cancelled) 

9. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region 
N108-1115 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 134-141), and 
wherein the mutation is a substitution of any amino acid beginning with 
asparagine at position +108 of Figure 3 (SEQ ID NO:2, at position 134) and 
ending with isoleucine at position +115 of Figure 3 (SEQ ID NO:2, at position 
141) with a different amino acid selected from a group consisting of alanine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, 
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, and valine. 

10. (cancelled) 



11. 



(Withdrawn) The soluble CTLA4 mutant molecule of claim 1 further comprising an 
amino acid sequence which alters the solubility, affinity or valency of the soluble 
CTLA4 mutant molecule for binding to CD80 or CD86. 



I^fte 
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1 2. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1 1 , wherein the amino 
acid sequence comprises a human immunoglobulin constant region. 

13. (Withdrawn) A nucleic acid molecule comprising a nucleotide sequence encoding 
the amino acid sequence corresponding to the soluble CTLA4 mutant molecule of 
claim 1 ., 

1 4. (Withdrawn) A vector comprising the nucleotide sequence of claim 13. 

15 (Withdrawn) A host vector system comprising the vector of claim 14 in a suitable 
host cell. 

16. (Withdrawn) The host vector system of claim 15, wherein the suitable host cell is a 
prokaryotic cell or a eukaryotic cell. 

17. (Withdrawn) A method for producing a soluble CTLA4 mutant protein comprising 
growing the host vector system of claim 16 so as to produce the protein in the host 
cell and recovering the protein so produced. 

1 8. (Withdrawn) A soluble CTLA mutant protein produced by the method of claim 1 7. 

19. (Withdrawn) A method for regulating a T cell interaction with a CD80 and/or 
CD86 positive cell comprising contacting the CD80 and/or CD86 positive cell 
with the soluble CTLA4 mutant molecule of claim 1 so as io regulate the T cell 
interaction. 



20. 



(Withdrawn) The method of. claim 19, wherein the soluble CTLA4 mutant 
molecule is any of L104EA29L (SEQ ID NO.: 16), L104EA29T (SEQ ID NO.: 
18), or L104EA29W (SEQ ID NO.: 20). 
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1 . (Withdrawn) The method of claim 1 9, wherein the CDSO and/or CD86 positive 
cell is an antigen presenting cell. 

22. (Withdrawn) The method of claim 19, wherein the interaction of the CTLA4- 
positive T cells with the CDSO and CD86 positive cells is inhibited. 

23. (Withdrawn) A method for treating imrnunoproliferative diseases mediated by T 
cell interactions with B7 positive cells comprising administering to a subject the 
soluble CTLA4 mutant molecule of claim 1 , in an amount effective to regulate T 
cell interactions with said B7 positive cells. 

24. (Withdrawn) The method of claim 23, wherein said T cell interactions are 
inhibited. 

25. (Withdrawn) The method of claim 23, wherein the imrnunoproliferative disease is 
graft versus host disease. 

26 (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises amino acid residues from about position 
93 to about position 124 of Figure 3 (SEQ ID-NO* beginning at position 1 1 9 and 
ending at position 150) joined to amino acid residues from about position 1 to about 
position 94 of the amino acid sequence corresponding to the extracellular domain of 
CD28. 

27. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein in the 
extracellular domain of CTLA4, the second proline in the amino acid motif 
MYPPPY (SEQ ID NO:35) is replaced with alanine. 
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28. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises: 

a. one or more mutations in a region S25-R33 of CTLA4 of Figure 3 (SEQ 
ID NO.: 2, at positions 51 -59), and wherein the mutation is a substitution 
of any amino acid beginning with serine at position +25 of Figure 3 (SEQ 
ID NO: 2, at position 51) and ending with arginine at position +33 of 
Figure 3 (SEQ ID NO: 2, at position 59) with a different amino acid 
selected from alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, 
and valine; and 

b. one or more mutations in a region E95-G107 of CTLA4 of Figure 3 (SEQ 
ID NO.: 2, at positions 121-133), and wherein the mutation is a 
substitution of any amino acid beginning with glutamic acid at position 
+95 of Figure 3 (SEQ ID NO.: 2, at position 121) and ending with glycine 
at position +107 of Figure 3 (SEQ ID NO.: 2, at position 133) with a 
different amino acid selected from alanine, arginine, asparagine, aspartic 
acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valine. 

Please add new claims 29-30 as follows: 

-29. (New) A CTLA4Ig fusion protein reactive with B7 antigen and encoded by DNA 
deposited as ATCG 68629:-- 



-30. 



(New) A CTLA4Ig fusion protein having the amino acid sequence of a CTLA4Ig 
fusion protein expressed by the cell deposited as ATCC 10762, wherein said 
CTLA4Ig fusion protein is reactive with B7 antigen. 
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REMARKS 



Claims 1-2, 5, 9, 11-18 and 26-28 were pending and subject to restriction. New claims 
29-30 have been added. Accordingly, claims 1-2, 5, 9, 1 1-18 and 26-30 are pending but 
only claims 29-30 are being examined. 

In the August 9 Notice, the Patent Office states that the response previously filed on 
August 2, 2004, is non-compliant because the claim amendments should start on a 
separate page. In response, Applicants have amended this paper to include claim 
amendments that begin on a separate page. 

In view of Applicants' Amendment dated August 2, 2004 and this response, Applicants 
respectfully request reconsideration of all outstanding rejections and objections to the 
present application and allowance of the claims. 

No fee is deemed necessary in connection with the filing of this response. If any further 
fee is necessary, the Patent Office is authorized to charge any additional fee to Deposit 
Account No. 50-0306. 

Respectfully submitted, 



SaraLynn Mandel 
Registration No. 3 1 ,853 
Sarah B. Adriano 
Registration No. 34,470 
Mandel & Adriano 
55 South Lake Ave., Suite 710 
Pasadena, California 91 101 
(626)395-7801 
Customer No: 26,941 
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PENDING CLAIMS 
AS OF 8/2/04 (RESUBMITTED ON 8/23/04) 

Submitted as Supplemental Amendment and Change of Election in Response to 
Restriction Requirement 

1. (Withdrawn) A soluble CTLA4 mutant moiecule having the extracellular domain 
of CTLA4 which binds CD80 or CD86, 

2. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region S25- 
R33 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 51-59), and wherein the 
mutation is a substitution of any amino acid beginning with serine at position +25 
of Figure 3 (SEQ ID NO:2, at position 51) and ending with arginine at position 
+33 of Figure 3 (SEQ ID NO:2, at position 59) with a difTerent amino acid 
selected from alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, 
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. 

3-4. (cancelled) 

5. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region E95- 
G107 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 121-133), and wherein 
the mutation is a substitution of any amino acid beginning with glutamic acid at 
position +95 of Figure 3 (SEQ ID NO:2, at position 121) and ending with glycine 
at position +107 of Figure 3 (SEQ ID NO:2, at position 133) with a different 
amino acid selected from alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and 
valine. 
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(cancelled) 



(Withdrawn) The soluble CTLA4 mutant molecule of claim L wherein the 
extracellular domain of CTLA4 comprises one or more mutations in a region 
N108-I115 of CTLA4 of Figure 3 (SEQ ID NO:2, at positions 134-141), and 
wherein the mutation is a substitution of any amino acid beginning with 
asparagine at position +108 of Figure 3 (SEQ ID NO:2, at position 134) and 
ending with isoleucine at position +115 of Figure 3 (SEQ ID NO:2, at position 
141) with a different amino acid selected from a group consisting of alanine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, 
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, and valine. 

(cancelled) 

(Withdrawn) The soluble CTLA4 mutant molecule of claim I further comprising 
an amino acid sequence which alters the solubility, affinity or valency of the 
soluble CTLA4 mutant molecule for binding to CD80 or CD86. 

(Withdrawn) The soluble CTLA4 mutant molecule of claim 11, wherein the amino 
acid sequence comprises a human immunoglobulin constant region. 

(Withdrawn) A nucleic acid molecule comprising a nucleotide sequence encoding 
the amino acid sequence corresponding to the soluble CTLA4 mutant molecule of 
claim 1. 

(Withdrawn) A vector comprising the nucleotide sequence of claim 13. 



(Withdrawn) A host vector system comprising the vector of claim 14 in a suitable 
host cell. 
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(Withdrawn) The host vector system of claim 15, wherein the suitable host cell is a 
prokaryotic cell or a eukaryotic ceil. 

(Withdrawn) A method for producing a soluble CTLA4 mutant protein comprising 
growing the host vector system of claim 16 so as to produce the protein in the host 
cell and recovering the protein so produced. 

(Withdrawn) A soluble CTLA mutant protein produced by the method of claim 17. 

(Withdrawn) A method for regulating a T cell interaction with a CD80 and/or 
GD86 positive cell comprising contacting the CD80 and/or CD86 positive cell 
with the soluble CTLA4 mutant molecule of claim 1 so as to regulate the T cell 
interaction. 

). (Withdrawn) The method of claim 19, wherein the soluble CTLA4 mutant 
molecule is any of L104EA29L (SEQ ID NO, 16), L104EA29T (SEQ ID NO.: 
18), or L104EA29W (SEQ ID NO.: 20). 

1. (Withdrawn) The method of claim 19, wherein the CD80 and/or CD86 positive 
cell is an antigen presenting cell. 

2. (Withdrawn) The method of claim 19, wherein the interaction of the CTLA4- 
positiye T cells with the CD80 and CD86 positive cells is inhibited. 

!3. (Withdrawn) A method for treating immunoproliferative diseases mediated by T 
cell interactions with B7 positive cells comprising administering to a subject the 
soluble CTLA4 mutant molecule of claim 1, in an amount effective to regulate T 
cell interactions with said B7 positive cells. 



24. 



(Withdrawn) The method of claim 23, wherein said T cell interactions 
inhibited. 



25. ( Withdrawn) The method of claim 23, wherein the immunoproliferative disease is 
graft versus host disease, 

26. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises amino acid residues from about position 
93 to about position 124 of Figure 3 (SEQ ID NO:2 beginning at position 1 19 and 
ending at position 150) joined to amino acid residues from about position 1 to about 
position 94 of the amino acid sequence corresponding to the extracellular domain of 
CD28. 

27. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein in the 
extracellular domain of CTLA4, the second proline in the amino acid motif 
MYPPPY (SEQ ID NO:35) is replaced with alanine. 

28. (Withdrawn) The soluble CTLA4 mutant molecule of claim 1, wherein the 
extracellular domain of CTLA4 comprises: 

a. one or more mutations in a region S25-R33 of CTLA4 of Figure 3 (SEQ 
ID NO.: 2, at positions 51-59), and wherein the mutation is a substitution 
of any amino acid beginning with serine at position +25 of Figure 3 (SEQ 
ID NO: 2, at position 51) and ending with arginine at position +33 of 
Figure 3 (SEQ ID NO: 2, at position 59) with a different amino acid 
selected from alanine, arginine, asparagine, aspartie acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, 
and valine; and 

b. one or more mutations in a region E95-G107 of CTLA4 of Figure 3 (SEQ 
ID NO.: 2, at positions 121-133), and wherein the mutation is a 
substitution of any amino acid beginning with glutamic acid at position 
+95 of Figure 3 (SEQ ID NO. : 2, at position 12 1 ) and ending with glycine 
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at position +107 of Figure 3 (SEQ ID NO.: 2, at position 133) with a 
different amino acid selected from alanine, arginine, asparagine, aspartic 
acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valine. 

29. (New) A CTLA4Ig fusion protein reactive with B7 antigen and encoded by DNA 
deposited as ATCC 68629. 



30. 



(New) A CTLA4Ig fusion protein having the amino acid sequence of a CTLA4Ig 
fusion protein expressed by the cell deposited as ATCC 10762, wherein said 
CTLA4Ig fusion protein is reactive with B7 antigen. 
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In re Application of 
Peter S. Linsley et al 
Application No. 09/609,915 
Filed: July 3, 2000 



OFFICE OF PETITIONS 



DECISION GRANTING 
STATUS UNDER 37 CFR 1.47(a) 



For: SOLUBLE CTLA4 MUTANT 
MOLECULES AND USES THEREOF 



This is a decision on the petition filed January 4, 2002, requesting 
reconsideration of a decision mailed September 5, 2001, which refused to accord 
37 CFR 1.47(a) status to the above-identified application. 

The petition is granted . 

Petitioner has shown that the non-signing inventor has refused to join in the 
filing of the above-identified application. 

The above-identified application and papers have been reviewed and found in 
compliance with 37 CFR 1.47(a). This application is hereby accorded Rule 
1.47(a^ status . As provided in Rule 1.47(c), this Office will forward notice of this 
application's filing to the non-signing inventor at the address given in the 
petition. Notice of the filing of this application will also be published in the 
Official Gazette. 

Telephone inquiries regarding this decision should be directed to Petitions 
Examiner Wan Laymon at (703) 306-5685. 

This application is being forwarded to Technology Center AU 1646 for 
examination in due course. 




Frances Hicks 
Lead Petitions Examiner 
Office of Petitions 
Office of the Deputy Commissioner 
for Patent Examination Policy 
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In re Application of 



OFFICE OF PETITIONS 



Linsley; Ledbetter; Bajorath; peach; Brady; Wallace; and Damle 
Application No. 09/609,915 
Filed: July 3, 2000 

For: SOLUBLE CTLA4 MUTANT MOLECULES AND USES THEREOF 
Dear Mr. Ledbetter: 

You are named as a joint inventor in the above identified United 
States patent application, filed under the provisions of 35 U.S.C. 116 
(United States Code), and 37 CFR 1.47(a), Rules of Practice in Patent 
Cases. Should a patent be granted on the application you will be 
designated therein as a joint inventor. 

As a named inventor you are entitled to inspect any paper in the file 
wrapper of the application, order copies of all or any part thereof 
(at a prepaid cost per 37 CFR 1.19) or make your position of record in 
the application. Alternatively, you may arrange to do any of the 
preceding through a registered patent attorney or agent presenting 
written authorization from you. If you care to join in the 
application, counsel of record (see below) would presumably assist 
you. Joining in the application would entail the filing of an 
appropriate oath or declaration by you pursuant to 37 CFR 1.63. 

Telephone inquiries regarding this communication should be directed to 
Wan Laymon at (703) 306-5685. Requests for information regarding your 
application should be directed to the File Information Unit at (703) 
308-2733. Information regarding how to pay for and order a copy of 
the application, or a specific paper in the application, should be 
directed to Certification Division at (703) 308-9726 or 1 (800) 972- 
63 82 (outside the Washington D.C. area) . 



Lead Petitions Examiner 
Office of Petitions 
Office of the Deputy Commissioner 
for Patent Examination Policy 
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